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ISSN 0924-7815 Srolwlfdo Suhvvxuh Gh hfwlrq

Mdphv H1 Dqghuvrq





Pxfk hfrqrplf srolf| lv gholehudwho| vkliwhg dzd| iurp gluhfw srolwlfdo surfhvvhv
wr dgplqlvwudwlyh surfhvvhv  srolwlfdo suhvvxuh gh hfwlrq1 Suhvvxuh gh hfwlrq
srvhv d sx}}oh wr vwdqgdug srolwlfdo hfrqrp| prghov zklfk vxjjhvw wkdw kdylqj
srolflhv wr cvhoo* lv ydoxdeoh wr srolwlfldqv1 Wkh sx}}oh lv vroyhg khuh e| vkrzlqj
wkdw lqfxpehqwv zloo idyru suhvvxuh gh hfwlrq vlqfh lw fdq ghwhu yldelolw| ri d fkdo0
ohqjhu/ hvvhqwldoo| olnh hqwu| ghwhuuhqfh1 XV wudgh srolf| vlqfh 4<67 surylghv d
sulph h{dpsoh/ hvshfldoo| dqwlgxpslqj odz dqg lwv hyroxwlrq1
Nh|zrugv= Suhvvxuh Gh hfwlrq> Hohfwlrqv> Dqwlgxpslqj
MHO fodvvlfdwlrq= G:5> I46
￿
Wkh dxwkruv zrxog olnh wr wkdqn Klghr Nrqlvkl dqg vhplqdu sduwlflsdqwv dw wkh Fdwkrolf Xqlyhuvlw|
ri Ohxyhq/ wkh Xqlyhuvlw| ri Hglqexujk/ wkh Xqlyhuvlw| ri Vwluolqj/ wkh HHD Frqihuhqfh lq Yhqlfh dqg
wkh Qruwk Dphulfdq Zlqwhu Phhwlqj ri wkh Hfrqrphwulf Vrflhw| lq Zdvklqjwrq GF iru xvhixo vxjjhv0
wlrqv1 Dq| uhpdlqlqj huuruv duh vroho| rxuv1
Frqwdfw lqirupdwlrq= Mdphv H1 Dqghuvrq= Ghsduwphqw ri Hfrqrplfv/ Ervwrq Froohjh/ 473 Frpprq0
zhdowk Dyhqxh/ Fkhvwqxw Kloo PD 3579:/ XVD/ h0pdlo= mdphv1dqghuvrq14Cef1hgx> Pdxul}lr ]dqdugl=
Ghsduwphqw ri Hfrqrplfv ) FhqwHU/ Wloexuj Xqlyhuvlw|/ S1R1 Er{ <3486/ 8333 OH Wloexuj/ Wkh Qhwkhu0
odqgv/ h0pdlo= p1}dqduglCxyw1qo4 Lqwurgxfwlrq
Srolwlfldqv riwhq dsshdu wr dyrlg wdnlqj vwdqgv/ gxfn wdnlqj uhvsrqvlelolw|/ klgh ehklqg
rwkhuv1 Eh|rqg sdvvlyh dyrlgdqfh/ srolwlfldqv dfwlyho| ghvljq phfkdqlvpv wr gh hfw
srolwlfdo suhvvxuh1 Ghohjdwlrq lv d sulph h{dpsoh1
Ghohjdwhg srolf| lv vhw e| txdvl0dxwrqrprxv jryhuqphqw djhqflhv1 Srolwlfdo suhvvxuh
lv gdpshg e| wkh lqgluhfw qdwxuh ri wkh srolwlfldqv* lq xhqfh ryhu wkh djhqf|1 Dphulfdq
wudgh srolf| surylghv d frpshoolqj h{dpsoh ri ghohjdwlrq dv suhvvxuh gh hfwlrq +Ghvwohu/
4<<8,1 Wklv sdshu surylghv d irupdo prgho ri ghohjdwlrq dv suhvvxuh gh hfwlrq prwlydwhg
e| XV wudgh srolf|1 Wkh prgho kdv srwhqwldo wr vkhg oljkw rq ghohjdwlrq ri rwkhu srolflhv
dqg ri wudgh srolf| lq rwkhu frxqwulhv/ exw zh gr qrw ghyhors wkhvh dssolfdwlrqv1
Srolwlfdo suhvvxuh gh hfwlrq srvhv d pdmru sx}}oh wr prghuq irupdo srolwlfdo hfrq0
rp| prgholqj1 cSrolf| iru vdoh* prghov +Ehuqkhlp dqg Zklqvwrq/ 4<;9> Jurvvpdq dqg
Khospdq/ 4<<7> Gl{lw hw do1/ 4<<:, wuhdw dq lqfxpehqw srolwlfldq dv d prqrsro| up
zklfk dxfwlrqv idyrudeoh srolflhv wr lqwhuhvw jurxsv/ d fohdq dqg sodxvleoh vwuxfwxuh
zklfk kdv uhfhlyhg hpslulfdo vxssruw lq wkh sdwwhuq ri XV wudgh srolf| +Jrogehuj dqg
Pdjjl/ 4<<<> Jdzdqgh dqg Edqgkrsdgk|d|/ 5333,1 Zk| vkrxog srolwlfldqv ghohjdwh
srolf|/ jlylqj dzd| zkdw wkh| frxog vhooB Ghvwohu +4<<8, rhuv qr h{sodqdwlrq iru zk|
suhvvxuh gh hfwlrq lv lq wkh Frqjuhvv* lqwhuhvw/ dssduhqwo| vhhlqj klv lghqwlfdwlrq ri
suhvvxuh gh hfwlrq dv wkh udwlrqdoh iru wkhlu dfwlrqv dv vx!flhqw1
Wklv sdshu udwlrqdol}hv suhvvxuh gh hfwlrq dv d ghihqvh vwudwhj| iru dq lqfxpehqw
srolwlfldq zklfk doorzv klp wr dyrlg uhyhdolqj klv wuxh srolf| suhihuhqfhv1 Wkh vwudwhj|
fdq eh ydoxdeoh li uhyhodwlrq zrxog lqgxfh dq rssrvlqj oree| wr frqihu yldelolw| rq d
fkdoohqjhu1 Orzhulqj wkh fkdqfh ri d yldeoh fdqglgdwh lv dnlq wr +suredelolvwlf, hqwu|
ghwhuuhqfh1 Wklv vwru| sodxvleo| wv wkh XV Frqjuhvv1 Hylghqfh uhsruwhg lq Dqghuvrq
dqg Suxvd +5334d, vkrzv wkdw prvw Frqjuhvvlrqdo hohfwlrqv duh hvvhqwldoo| xqfrqwhvwhg
lq wkh vhqvh wkdw rqo| rqh fdqglgdwh lv yldeoh/ udlvhv pxfk prqh| lq d vhwwlqj zkhuh wkh
fdqglgdwh zlwk pruh prqh| zlqv doprvw dozd|v1
Rxu udwlrqdoh kdv qdwxudo olplwv dqg vxjjhvwv xvhixo hpslulfdo suhglfwlrqv1 Suhvvxuh
gh hfwlrq lv xvhohvv wr dq lqfxpehqw zkr fdqqrw hvfdsh d txdolw| fkdoohqjhu1 Wkxv
4gh hfwlrq lv ixwloh lq suhvlghqwldo udfhv/ zkhuh wkhuh lv dozd|v d txdolw| fkdoohqjhu1
￿
Lq
frqwudvw/ pdq| Frqjuhvvlrqdo udfhv ihdwxuh vdih lqfxpehqwv vr orqj dv wkh| dyrlg fuhdwlqj
dq rshqlqj iru d yldeoh fkdoohqjhu1 Gh hfwlrq lv prvw olnho| wr rshudwh lq Frqjuhvv rq
lvvxhv iru zklfk prvw srolwlfdo sduwlflsdqwv duh qhduo| lqglhuhqw/ exw iru zklfk lqwhuhvw
jurxsv rq hdfk vlgh ihho vwurqjo| lq pdq| glvwulfwv1 Suhvvxuh gh hfwlrq lv dovr ri olplwhg
xvh zkhq wkh srolwlfldq*v suhihuhqfhv duh olnho| wr kdyh ehhq uhyhdohg e| phdqv rwkhu
wkdq klv uhdfwlrq wr d sduwlfxodu shwlwlrq1 Wkxv gh hfwlrq lv xqolnho| rq lvvxhv derxw
zklfk pdq| yrwhuv kdyh vwurqj rslqlrqv ru rq zklfk wkh lqfxpehqw*v srolwlfdo idfwlrq lv
d uholdeoh vljqdo ri klv suhihuhqfhv +deruwlrq/ plqlpxp zdjh,1
Wkh irupdo prgho exlogv rq wkh srolwlfdo frpshwlwlrq prgho ri Edurq +4<;<, h{whqghg
e| Dqghuvrq dqg Suxvd +5334d, wr h{sodlq xqfrqwhvwhg udfhv1 Dq lqfxpehqw srolwlfldq
dqg d fkdoohqjhu frpshwh iru hohfwlrq e| udlvlqj frqwulexwlrqv wr vzd| xqlqiruphg yrwhuv
lq d wzr vwdjh jdph1 Lq wkh vhfrqg vwdjh/ fdqglgdwhv udlvh frqwulexwlrqv e| vhoolqj rswlrqv
rq wkhlu wlph +dffhvv, wr olvwhq wr wkh srvlwlrqv ri wkh grqruv1 Dffhvv frqwulexwlrqv duh
frvwo| wr wkh uhflslhqw li hohfwhg1 Lq wkh uvw vwdjh/ fdqglgdwhv fdq vhoo pxwxdoo| h{foxvlyh
dgyrfdf| srvlwlrqv1 Wkh lqfxpehqw hqmr|v d uvw pryhu dgydqwdjh khuh1 Li d suhvvxuh
gh hfwlrq phfkdqlvp lv dydlodeoh/ wkh lqfxpehqw kdv wkh rswlrq wr gh hfw suhvvxuh e|
uhihuulqj d oree| wr d exuhdxfudwlf fkdqqho lqvwhdg ri wdnlqj d vwdqfh rq wkh srolf| lvvxh1
Wkh lqfxpehqw*v ghflvlrq wr gh hfw lv dlphg wr ghwhu wkh hqwu| ri d yldeoh fkdoohqjhu
e| fxwwlqj klv vrxufh ri dgyrfdf| frqwulexwlrqv1 Vxfk frqwulexwlrqv/ e| orzhulqj klv
qhw frvw ri fdpsdljqlqj lq wkh vhfrqg vwdjh jdph/ fdq pdnh klp yldeoh/ deoh wr vhoo
dffhvv ehfdxvh kh kdv d fkdqfh ri hohfwlrq1 Wkh wrwdo ohyho ri frqwulexwlrqv +erwk dffhvv
dqg dgyrfdf|, ghwhuplqhv wkh suredelolw| ri hohfwlrq ri hdfk fdqglgdwh1 Z h dvvxph d
fkdoohqjhu zloo dozd|v hqwhu +wwlqj wkh idfwv,/ exw kh pd| eh xqdeoh wr udlvh hqrxjk
prqh| wr fdpsdljq hhfwlyho| +dovr wwlqj wkh idfwv,1 Lq wklv fdvh zh vd| qr yldeoh
fkdoohqjhu hqwhuv wkh udfh dqg wkh udfh lv hhfwlyho| xqfrqwhvwhg1
Wkh vhwxs ghprqvwudwhv flufxpvwdqfhv xqghu zklfk dq lqfxpehqw srolwlfldq zrxog
ghvluh d suhvvxuh gh hfwlrq phfkdqlvp1 Z h gr qrw irupdoo| prgho wkh ohjlvodwlyh surfhvv
￿
Srolwlfdo frpshwlwlrq lq Suhvlghqwldo udfhv lv dssursuldwho| prghohg lq Jurvvpdq dqg Khospdq
+4<<<, dv dq h{whqvlrq ri srolf| iru vdoh prghov1
5e| zklfk d frdolwlrq ri lqfxpehqwv zlwk vxfk ghvluhv dfwxdoo| vhwv xs wkh gh hfwlrq
lqvwlwxwlrq/ exw reylrxvo| vxssruw e| d pdmrulw| ru lq xhqwldo plqrulw| lv olnho| wr eh
qhfhvvdu|1 Z h dujxh lqirupdoo| ehorz iru wkh sodxvlelolw| ri wklv ylhz1
Z h fkdudfwhul}h wkh htxloleulxp dqg surylgh d qhfhvvdu| frqglwlrq iru gh hfwlrq wr
eh wkh rswlpdo vwudwhj| iru wkh lqfxpehqw1 Krzhyhu/ wkh frpsoh{lw| ri wkh prgho grhv
qrw doorz xv wr dqdo|wlfdoo| vroyh iru wkh htxloleulxp1 Khqfh/ qxphulfdo vlpxodwlrqv
duh xvhg wr ghwhuplqh wkh frqglwlrqv xqghu zklfk wkh lqfxpehqw idyruv wkh gh hfwlqj
fkdqqho lqvwhdg ri dq dgyrfdf| srvlwlrq1 Lqwxlwlyho|/ wkh lqfxpehqw qgv lw rswlpdo wr
gh hfw zkhq wkh ydoxh ri d frpplwwhg fdqglgdwh wr d oree| lv qrw wrr odujh1
Wkh uhodwhg srolwlfdo hfrqrp| olwhudwxuh lqfoxghv dowhuqdwlyh h{sodqdwlrqv ri Frq0
juhvvlrqdo ghohjdwlrq ri srzhu dqg dowhuqdwlyh wuhdwphqwv ri dpeljxlw|1 Ghohjdwlrq lv
vlpso| qhfhvvdu| jlyhq wkh kxjh vl}h ri jryhuqphqw dqg wkh olplwhg uhvrxufhv ri wrs
srolwlfldqv wr dgplqlvwhu lw/ exw wkh lqwhuhvwlqj txhvwlrqv duh rq wkh pdujlq  zklfk
dfwlylwlhv duh ghohjdwhgB Hsvwhlq dqg R*Kdoorudq +4<<<, sursrvh wkdw wkh Frqjuhvv* gh0
flvlrq wr ghohjdwh ru qrw lv dnlq wr wkh up*v ghflvlrq wr ex| ru pdnh/ khqfh wkh| sursrvh
d wudqvdfwlrqv frvw prgho ri wkh ghflvlrq1 Rxu prgho frpsohphqwv wkhluv e| surylglqj
dq dgglwlrqdo dgydqwdjh ri yrwlqj iru ghohjdwlrq e| dq lqfxpehqw srolwlfldq/ rqh zh
qg hvshfldoo| xvhixo iru h{sodlqlqj wudgh srolf| ghohjdwlrq1
￿
Pd|hu +4<<<, lqyhvwljdwhv
zk| jryhuqphqwv pdnh xvh ri erwk lqiuhtxhqwo| fkdqjhg wdul odzv dqg ghohjdwlrq wr
iuhtxhqwo| dgmxvwhg dgplqlvwudwlyh phdvxuhv1 Klv dqvzhu wuhdwv jryhuqphqw dv d xql0
wdu| dfwru edvhg rq wkh srolwlfdo vxssruw ixqfwlrq dssurdfk/ dqg dvvxphv wkdw wkhuh duh
ehqhwv wr  h{lelolw| lq wkh idfh ri vkrfnv wr zruog sulfhv dqg surgxfwlylw| zkloh wkhuh
duh frvwv wr wkh h{huflvh ri glvfuhwlrqdu| dxwkrulw| rxwvlgh wkh glvflsolqh ri ghprfudwlf
uhvwudlqw1 Lq frqwudvw/ rxu sdshu lv edvhg rq wkh plfur srolwlfv lqvlgh wkh djjuhjdwlrq ri
￿
Hsvwhlq dqg R*Kdoorudq h{sodlq ghohjdwlrq ri wudgh srolf| dv gxh wr wkh h{fhvvlyh frvwv jhqhudwhg
e| Frqjuhvvlrqdo orjuroolqj1 Wklv pd| khos h{sodlq wkh ruljlqdo Wudgh Djuhhphqwv Dfw ri 4<67/ zkhq
wkh h{dpsoh ri wkh Vprrw0Kdzoh| Wdul ri 4<63 zdv iuhvk/ exw zh qg lw xqfrqylqflqj dv d frqwlqxlqj
h{sodqdwlrq iru vhyhqw| |hduv1 Wkhlu jhqhudo uxoh lv wkdw lqirupdwlrqdoo| lqwhqvh srolf| duhdv zloo
eh ghohjdwhg zkloh glvwulexwlyh lvvxhv zloo qrw1 Wklv glfkrwrp| idlov wr suhglfw wudgh srolf| dv d
kljko| ghohjdwhg srolf| duhd1 Wkh| uhfrjql}h wklv sx}}oh lq wkhlu hpslulfdo dqdo|vlv zkhuh wkh| uhihu wr
wudgh dv d rqh ri wzr vxusulvlqj duhdv wkdw zh vhh kljko| ghohjdwhg 111 ^dowkrxjk` xvxdoo| ghvfulehg dv
txlqwhvvhqwldo glvwulexwlyh lvvxhv1 +sdjh 4<;,1 Vhh Ghvwohu +4<<8, iru d ghvfulswlrq ri ghohjdwlrq lq XV
wudgh srolf| diwhu 4<67 dv d suhvvxuh gh hfwlrq v|vwhp zklfk frqwudglfwv wkh orjuroolqj frvwv vwru|1
6wkh srolwlfdo vxssruw ixqfwlrq/ devwudfwlqj iurp ehqhwv ri  h{lelolw|1
Wkh ghflvlrq wr gh hfw lv htxlydohqw wr klglqj srolf| suhihuhqfhv lq wklv sdshu1 Vhyhudo
frqwulexwlrqv irfxv rq wkh rswlpdolw| ri dpeljxlw| jlyhq wkh ulvn suroh ri yrwhuv1 Vkhsvoh
+4<:5, vkrzv wkdw dpeljxlw| sd|v r rqo| zkhq d pdmrulw| ri yrwhuv duh ulvn oryhuv>
rwkhuzlvh/ wkh phgldq yrwhu uhvxowv dsso| zlwk srolwlfdo frqyhujhqfh rffxuulqj1 Dohvlqd
dqg Fxfnlhupdq +4<<3, h{whqg wkhvh uhvxowv wr d wzr0shulrg prgho zkhuh srolwlfldqv
dovr fduh derxw wkh srolflhv lpsohphqwhg1 Lq wklv fdvh/ vrph ghjuhh ri dpeljxlw| pd| eh
rswlpdo iru wkh fdqglgdwhv hyhq li yrwhuv duh ulvn dyhuvh1 Dowhuqdwlyho|/ d uhfhqw sdshu
e| Dudjrqhv dqg Qhhpdq +5333, irfxvhv rq wkh fdqglgdwhv dqg vkrzv wkdw wkh| pd|
fkrrvh vrph ohyho ri dpeljxlw| gxulqj wkh hohfwrudo fdpsdljq edvhg rq wkh dvvxpswlrq
wkdw srolf| frpplwphqw lv frvwo| iru d fdqglgdwh1 Rxu prgho ghsduwv iurp wkhvh vwxglhv
lq wzr zd|v1 Iluvw/ zh hpskdvl}h wkh lqwhusod| ehwzhhq srolwlfldqv dqg oreelhv/ zkloh
yrwhuv* ehkdylru lv hperglhg lq wkh ixqfwlrq ghwhuplqlqj wkh hohfwlrq rxwfrph1 Vhfrqgo|/
dpeljxlw| dulvhv hqgrjhqrxvo| dv wkh rswlpdo vwudwhj| lq wu|lqj wr ghwhu fkdoohqjhuv wr
hqwhu wkh udfh1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 dujxhv wkdw wkh ghoh0
jdwlrq ri XV wudgh srolf|0pdnlqj vkrxog eh xqghuvwrrg dv suhvvxuh gh hfwlrq1 Vhfwlrq
6 vhwv xs wkh prgho zkloh lwv lpsolfdwlrqv duh glvfxvvhg lq vhfwlrq 71 Vhfwlrq 8 glvfxvvhv
wkh fkrlfh ri d gh hfwlrq uhjlph edvhg rq wkh xvhixoqhvv ri wkh dydlodelolw| ri suhvvxuh
gh hfwlrq wr wkh phgldq ohjlvodwru1 Vhfwlrq 9 uhwxuqv wr dqdo|}h wkh ghvludelolw| ri gh0
 hfwlrq wr wkh lqglylgxdo lqfxpehqw lq pruh ghwdlo zlwk d vlpxodwlrq dssurdfk1 Vhfwlrq
: frqfoxghv1
5 Gh hfwlrq dqg X1V1 W udgh Lqvwlwxwlrqv
Wkh ghohjdwlrq ri wudgh srolf| e| wkh X1V1 Frqjuhvv wr wkh H{hfxwlyh eudqfk ri jryhuq0
phqw/ gxudeo| lq sodfh vlqfh 4<67/ lv wr eh xqghuvwrrg dv suhvvxuh gh hfwlrq1 Ghvwohu
+4<<8, jlyhv dv h{dpsohv wkh edujdlqlqj wdul lpsohphqwhg zlwk wkh Uhflsurfdo Wudgh
Djuhhphqwv Dfw ri 4<67 dqg wkh idvw0wudfn surfhgxuhv lqlwldoo| vhw iruwk lq wkh W udgh Dfw
ri 4<:71 Qduurzo| irfxvhg lqwhuhvw jurxsv zloo qrw suhvvxuh Frqjuhvvphq ryhu ghwdlov
7ri wudgh srolf| zklfk duh ghflghg hovhzkhuh1 Wkh yhu| rffdvlrqdo odujh vfdoh djuhhphqw
+QDIW D/ wkh Xuxjxd| Urxqg, uhyhdov wkh suhihuhqfhv ri lqfxpehqw srolwlfldqv zkr pxvw
wdnh d sxeolf vwdqg iru ru djdlqvw/ exw wkh uhyhodwlrq rffxuv lq d vhwwlqj zkhuh h{whqvlyh
srolwlfdo ghedwh lqirupv prvw srolwlfdo sduwlflsdqwv/ khqfh gh hfwlrq ehfrphv pxfk ohvv
xvhixo wr dq lqfxpehqw srolwlfldq1 Ghvwohu +4<<8, surylghv d ghwdlohg ghvfulswlrq ri wkh
ghedwh ryhu wkh W udgh Dfw ri 4<:7 zklfk lv frqvlvwhqw zlwk wklv lqwhusuhwdwlrq1
Ghohjdwlrq dv suhvvxuh gh hfwlrq lv vljqlfdqwo| hqkdqfhg e| wkh vdihw| ydoyh phfk0
dqlvp uhsuhvhqwhg e| wkh XV dqwlgxpslqj +DG, odz zklfk surylghv d zd| iru lqgxvwulhv
wr rewdlq wudgh surwhfwlrq +l1h1/ lpsrvlwlrq ri gxwlhv, rq lpsruwv wkdw duh vrog lq wkh XV
dw d sulfh orzhu wkdq wkh rqh fkdujhg lq wkh frxqwu| zkhuh wkh| duh surgxfhg1
￿
Lw eohhgv
r suhvvxuh rq wkh Frqjuhvv wr lpsrvh wudgh uholhi surjudpv/ vlqfh dq dgplqlvwudwlyh
phfkdqlvp lv lq sodfh wr wdnh dfwlrq rq frpsodlqwv iurp lqgxvwuldo vhfwruv1 Lqfxpehqwv
fdq gh hfw wkh srolwlfdo suhvvxuh wr wkh DG dxwkrulw| +l1h1/ Lqwhuqdwlrqdo W udgh Frpplv0
vlrq dqg Lqwhuqdwlrqdo W udgh Dgplqlvwudwlrq, zkhq lw lv dgydqwdjhrxv wr frqfhdo wkhlu
wudgh suhihuhqfhv1 Vlqfh DG odz surylghv d xvhixo gh hfwlrq rswlrq wr lqfxpehqwv/ Frq0
juhvvlrqdo vxssruw iru DG wkurxjk vhyhudo urxqgv ri dphqgphqw dqg juhdwo| h{sdqghg
xvh vlqfh wkh hduo| 4<;3*v pdnhv srolwlfdo vhqvh1 DG lv e| idu wkh prvw lpsruwdqw vrxufh
ri qhz surwhfwlrqlvw srolf| lq wkh XV ryhu wkh odvw 53 |hduv/ dqg lw dffrxqwv iru dv pxfk
glvwruwlrq dv doo wkh rwkhu uhpdlqlqj surwhfwlrqlvw srolflhv ri wkh XV +Jdoodzd| hw do1/
4<<<,1 Ghvslwh suhvvxuh iurp wudgh olehudol}huv/ DG vxuylyhg uhirup hruwv gxulqj wkh
Xuxjxd| Urxqg dqg dv ohjlwlpdwhg e| wkh ZWR lw lv qrz d vwdqgdug wudgh srolf| phfk0
dqlvp durxqg wkh zruog1 Wkh XV Frqjuhvv* uhqhzdo ri idvw wudfn qhjrwldwlqj dxwkrulw|
lq 5335 fdph zlwk wkh lqvlvwhqfh wkdw DG odz zdv qrw qhjrwldeoh1
Rxu udwlrqdoh iru DG lv wkh rqo| frqylqflqj rqh +wr xv, ri zklfk zh duh dzduh1
Vwdqgdug srolwlfdo hfrqrp| prghov fdqqrw h{sodlq lw zkloh DG odz dsshduv wr pdnh qr
vhqvh iru d zhoiduh0pd{lpl}lqj jryhuqphqw1 Wkh suhgdwru| frpshwlwlrq vwru| zklfk lv
vrphwlphv rhuhg dv d udwlrqdoh +gxpshuv zloo gulyh rxw krph upv/ wkhq udlvh sulfhv, lv
￿
Wkh XV DG odz zdv hqdfwhg lq 4<491 Lwv xvh zdv yhu| olplwhg xqwlo 4<;3 zkhq lw ehfdph wkh
pdmru zd| lqgxvwulhv vhhn dqg rewdlq surwhfwlrq1 Wkh Wudgh Djuhhphqwv Dfw ri 4<:< lv wkh vlqjoh prvw
lpsruwdqw dfw wkdw surpswhg wkh vxujh lq DG shwlwlrqv revhuyhg lq wkh 4<;3v1
8lqfrqvlvwhqw zlwk wkh revhuydwlrq wkdw XV DG odz pdnhv qr phqwlrq ri frqvxphu lqwhu0
hvwv/ dqg dovr lqfrqvlvwhqw zlwk wkh hylghqfh lq pdq| DG fdvhv +Vk|/ 4<<;,1 Dqghuvrq
+4<<6, h{dplqhg d srwhqwldo udwlrqdoh lq klv cgrplqr gxpslqj* prgho rq wkh edvlv wkdw
DG zrxog orzhu wkh suredelolw| ri yroxqwdu| h{sruw uhvwudlqwv1 Krzhyhu/ kh irxqg lw
txlwh iudjloh/ ghshqglqj rq sdudphwhu ydoxhv lq d vshfldo vhwwlqj1
Gh hfwlrq ri wudgh suhvvxuh jurxsv lq sulqflsoh fdq lqyroyh erwk lpsruw0frpshwlqj
dqg h{sruwhu jurxsv/ exw lq sudfwlfh lw lv prvwo| wkh iruphu1 Wkrxjk DG lv lq sudfwlfh
rqh0vlghg djdlqvw lpsruwv/ Vhfwlrq 634 ri wkh XV W udgh Odz ri 4<:7 fdq rhu dq dqdor0
jrxv vroxwlrq wr h{sruw oreelhv1 Vhfwlrq 634 dxwkrul}hv H{hfxwlyh dfwlrq djdlqvw xqidlu
wudgh sudfwlfhv e| iruhljq frxqwulhv1 Zkloh ohvv dfwlyh wkdq DG/
￿
Vhfwlrq 634 kdv uh0
vxowhg lq vljqlfdqw pdunhw rshqlqj qhjrwldwlrqv/ prvw surplqhqwo| wkh Vhplfrqgxfwru
Djuhhphqw ehwzhhq wkh XV dqg Mdsdq1 Ilqdoo|/ zh qrwh wkdw wkh qhjrwldwlrq ri vpdoo
vfdoh iuhh wudgh djuhhphqwv vxfk dv wkh rqh zlwk Mrugdq pd| dovr rhu d vdihw| ydoyh iru
qduurzo| edvhg h{sruwhu lqwhuhvw suhvvxuhv zklfk frpsohphqwv wkh ghohjdwlrq ri wudgh
srolf| wr wkh h{hfxwlyh1 Wkhvh idfwv vxjjhvw wkdw Frqjuhvv ydoxhv wkh suhvvxuh gh hfwlrq
ydoxh ri ghohjdwlrq dqg wkh vdihw| ydoyh uroh ri DG dqg srvvleo| ri Vhfwlrq 634 dqg ri
rqjrlqj elodwhudo iuhh wudgh qhjrwldwlrqv1 Z h vwlfn wr wkh DG lqwhusuhwdwlrq ri vdihw|
ydoyh gh hfwlrq ehorz iru vlpsolflw|1
Suhvvxuh gh hfwlrq fdq pdnh ghohjdwlrq dwwudfwlyh rxwvlgh wkh uhdop ri wudgh srolf|1
Dffruglqj wr Hsvwhlq dqg R*Kdoorudq*v wudqvdfwlrqv frvw prgho ri ghohjdwlrq/ Frqjuhvv
uhwdlqv srolf| zkhq lvvxhv duh qrw kljko| whfkqlfdo dqg uhglvwulexwlrq lv surplqhqw1 Zkhq
ghohjdwlrq rffxuv dq|zd|/ olnh iru wudgh srolf|/ suhvvxuh gh hfwlrq pd| eh wkh h{sodqd0
wlrq1
6 Wkh Prgho
Wkh uhjlph ri suhvvxuh gh hfwlrq lv vhohfwhg lq wkh uvw vwdjh ri d phwdjdph zkhqhyhu
wkh ixwxuh sd|rv wr wkh gh hfwlrq uhjlph ri d vx!flhqwo| odujh ru lq xhqwldo qxpehu ri
sod|huv duh srvlwlyh1 Z h devwudfw iurp wkh phwdjdph uxoh0vhwwlqj vwdjh iru vlpsolflw|/
￿
Iurp 4<:8 wr 4<<;/ wkhuh zhuh <7< DG fdvhv exw rqo| 44; Vhfwlrq 634 lqyhvwljdwlrqv1
9exw glvfxvv lw lqirupdoo| lq vhfwlrq 81 Zh frqfhqwudwh khuh rq wkh hvvhqwldo sureohp ri
d irupdo prgho ri wkh sd|rv wr lqfxpehqw srolwlfldqv iurp wkh gh hfwlrq uhjlph1 Dq
lqfxpehqw zloo idyru wkh gh hfwlrq uhjlph/ doo hovh htxdo/ zkhqhyhu kh h{shfwv wr jdlq
iurp wkh xvh ri gh hfwlrq1 Z h lqwhusuhw wkh gh hfwlrq uhjlph dv frqwdlqlqj d vdihw|
ydoyh phfkdqlvp vxfk dv DG1
Wkh edvlv ri rxu dqdo|vlv ri wkh ehqhw ri gh hfwlrq lv hohfwrudo frpshwlwlrq ehwzhhq
dq lqfxpehqw wkdw uxqv iru uhhohfwlrq dqg d fkdoohqjhu1 Wkh fdqglgdwhv hdfk zloo uxq iru
r!fh vr orqj dv wkh| dfklhyh qrq0qhjdwlyh h{shfwhg xwlolw| iurp uxqqlqj1 Wkh hohfwrudo
fdpsdljq ghyhorsv lqwr wzr vwdjhv1 Lq erwk vwdjhv/ wkh lqfxpehqw dqg wkh fkdoohqjhu
frpshwh iru frqwulexwlrqv wr eh xvhg wr vzd| xqlqiruphg yrwhuv1 Wkh prgho lv vroyhg
e| edfnzdug lqgxfwlrq1
Lq wkh uvw vwdjh/ fdqglgdwhv fdq vhoo srolwlfdo lq xhqfh lq wkh irup ri dgyrfdf|=
dq h{foxvlyh srolf| vwdqfh wkdw wkh srolwlfldq frpplwv wr dgyrfdwh li hohfwhg1 Lq wkh
vhfrqg vwdjh/ dffhvv fdq eh vrog1 Zh wklqn ri dffhvv dv dq rswlrq rq wkh fdqglgdwh*v
wlph/ suhvxpdeo| wr olvwhq dqg uhso| wr wkh lvvxhv ri lqwhuhvw wr wkh grqru lq fdvh wkh
fdqglgdwh lv hohfwhg1 Wkh srolwlfldq fdq dqg iuhtxhqwo| grhv vhoo vrph ri klv wlph wr olvwhq
+dffhvv, wr vxssruwhuv ri erwk vlghv1 Frqvhtxhqwo|/ wkhuh lv qr vwudwhjlf ehkdylru dprqj
lqwhuhvw jurxsv zkhq ex|lqj dffhvv1 Lq frqwudvw/ dgyrfdf| lpsolhv d pdmru frpplwphqw
wr vxssruw dqg jkw iru pxwxdoo| h{foxvlyh lvvxhv  d fdqglgdwh fdqqrw dgyrfdwh iuhh
wudgh dqg lpsruw uhvwulfwlrqv dw wkh vdph wlph1
￿
Wkh ghflvlrq wr dgyrfdwh d fdxvh ru lwv
rssrvlwh kdv lpsruwdqw vwudwhjlf hhfwv rq wkh rwkhu oree|*v ghflvlrq wr vxssruw ru qrw
dqrwkhu fdqglgdwh1 Uh hfwlqj wklv/ wkh hduo| vwdjh ri wkh jdph fhqwhuv rq wkh uhyhodwlrq
ri lqirupdwlrq e| wkh lqfxpehqw dqg wkh frqvhtxhqw ehkdylru ri wkh oreelhv1
Wkh fkrvhq vwuxfwxuh ri wkh jdph zkhuh wkh dffhvv vwdjh iroorzv wkh dgyrfdf| ghflvlrq
lv qdwxudo dqg dqdo|wlfdoo| frqyhqlhqw1 Wkh oree|*v uhtxhvw iru dq dgyrfdf| srvlwlrq
sxvkhv wkh lqfxpehqw wr uhyhdo lqirupdwlrq derxw klv srvlwlrqv li kh grhv qrw gh hfw1
Wklv slhfh ri lqirupdwlrq prglhv wkh frqwh{w ri wkh hohfwrudo frpshwlwlrq e| prgli|lqj
￿
Wkh euljkw olqh ehwzhhq rssrvlqj srvlwlrqv zklfk zh gudz khuh lv ri frxuvh d frqyhqlhqw vlpsol0
fdwlrq1 Zh rhu qr prgho ri cdgyrfdf| vshfldol}dwlrq* khuh1 Vhh Pdjhh/ Eurfn dqg \rxqj +4<;<,
iru vshfldol}dwlrq prghov zkloh lq frqwudvw Jurvvpdq dqg Khospdq +4<<7/ 4<<9, prgho qrqvshfldol}hg
frqwulexwlrqv1
:wkh oreelhv* lqfhqwlyh wr ixqg d fkdoohqjhu1 Dw wkh vdph wlph/ wkh ydoxh ri dffhvv wr wkh
ex|hu ghshqgv rq wkh suredelolw| ri hohfwlrq ri d fdqglgdwh> wklv suredelolw| lq wxuq ehlqj
ghwhuplqhg dovr e| wkh dgyrfdf| srvlwlrqv1 Wkxv/ lw lv qdwxudo wr sodfh wkh dgyrfdf|
ghflvlrq sulru wr wkh dffhvv ghflvlrq1
Wkh jdph wuhh lq Iljxuh 4 looxvwudwhv wkh vwudwhjlhv ri wkh fdqglgdwhv1 Lq wkh uvw
vwdjh/ lw lv uhdvrqdeoh wr dvvxph wkdw wkh lqfxpehqw pryhv uvw1 Kh fdq dgyrfdwh d
oree|*v fdxvh/ dgyrfdwh wkh rssrvlwh oree|*v fdxvh/ ru gh hfw wkh suhvvxuh e| lqyrnlqj
wkh DG odz1 Li dgyrfdwlqj/ wkh uvw pryhu dgydqwdjh doorzv vhohfwlrq ri wkh kljkhu
ydoxh frqwulexwlrq1 Wkh gh hfwlqj lqfxpehqw grhv qrw uhyhdo klv srvlwlrq rq wkh srolf|
lvvxh1 Wkh srvvlelolw| wr frqfhdo srolf| suhihuhqfhv hyhq zkhq sxvkhg wr wdnh d vwdqg
lv wkh fuxfldo dvshfw ri gh hfwlrq1 Wklv ghfuhdvhv wkh lqfhqwlyhv iru d oree| wr qg
lw surwdeoh wr ixqg d fkdoohqjhu1 Lw lv lpsruwdqw wr qrwh wkdw wklv ghihqvlyh vwudwhj|
lpsolhv iruhjrlqj vrph frqwulexwlrqv/ frqwudu| wr wkh srsxodu exw lqirupdo zdu fkhvw
vwru|/ zklfk hpskdvl}hv wkh uhohydqfh ri dffxpxodwlqj prqh| lq wkh hduo| vwdjh ri wkh
hohfwrudo frpshwlwlrq1
Jlyhq wkh lqfxpehqw*v ghflvlrq/ wkh srwhqwldo fkdoohqjhu fdq dgyrfdwh d fdvh ru
qrw/ dvvxplqj wkdw dq lqwhuhvw jurxs zloo dvn iru klv vxssruw1 D fkdoohqjhu wulhv wr
dffxpxodwh dv pdq| uhvrxufhv dv srvvleoh lq rughu wr fryhu wkh frvwv ri fdpsdljqlqj
dqg wkhuhiruh dozd|v dffhswv dq dgyrfdf| srvlwlrq +l1h1/ vxssruw wudgh surwhfwlrq ru iuhh
wudgh,1
￿
Uhihuulqj d oree| wr wkh DG surfhgxuhv lv zruwkohvv wr d fkdoohqjhu vlqfh wklv
dfwlrq grhv qrw jduqhu d frqwulexwlrq1
Lq wkh vhfrqg vwdjh/ fdqglgdwhv vlpxowdqhrxvo| ghflgh rq wkh dprxqwv ri wlph +K
￿
iru wkh lqfxpehqw dqg K
￿ iru wkh fkdoohqjhu, wr vhoo dv dffhvv/ nqrzlqj wkh dgyrfdf|
srvlwlrqv dffhswhg lq wkh uvw vwdjh dqg wkh frvw ri surylglqj vxfk vhuylfhv1 D nh|
ihdwxuh ri dffhvv lv wkdw lwv ydoxh wr wkh ex|hu ghshqgv rq wkh suredelolw| wkdw wkh vhoohu
+lqfxpehqw ru fkdoohqjhu, zloo eh hohfwhg1 Khqfh/ wkh vdoh ri dgyrfdf| fdq dhfw wkh sulfh
uhfhlyhg iurp wkh vdoh ri dffhvv ehfdxvh ri lwv hhfw rq wkh htxloleulxp suredelolwlhv1 Wkh
wrwdo ohyho ri frqwulexwlrqv iurp dgyrfdf| +li dq|, dqg dffhvv ghwhuplqhv wkh suredelolw|
￿
Zh dvvxph wkdw dq dgyrfdf| grhv qrw lpsrvh dq| orvv ri yrwhv1 Lq vhfwlrq 714 zh glvfxvv wkh
frqvhtxhqfhv ri lqwurgxflqj d yrwh orvv zkhq dq dgyrfdf| srvlwlrq lv wdnhq1
;wr zlq wkh hohfwlrqv1 Iru hdfk fdqglgdwh/ wkh gluhfw hhfw ri klv rzq frqwulexwlrqv lv wr
lqfuhdvh yrwhv/ zkloh frqwulexwlrqv wr wkh rssrqhqw ghfuhdvh wkhp1 Wkh hohfwhg srolwlfldq
hqmr|v d jlyhq xwlolw| iurp kroglqj wkh vhdw dqg lqfxuv wkh frvw iru surylglqj wkh dffhvv
vrog gxulqj wkh hohfwrudo fdpsdljq1
614 Vhfrqg Vwdjh= Dffhvv
Wkh wzr fdqglgdwhv vhoo dffhvv wdnlqj dv jlyhq wkh ohyho ri frqwulexwlrqv udlvhg wkurxjk
dgyrfdf| lq wkh uvw vwdjh1 Wklv vwdjh lv prghohg dv lq Dqghuvrq dqg Suxvd +5334d,>







￿ n E  h
￿
￿
(  ? >  5 df> o = +4,
Wkh vshflfdwlrq lq +4, vkrzv wkdw rqo| wkh hruw vshqw e| lqfxpehqw +h
￿ , dqg
fkdoohqjhu +h
￿ , pdwwhuv lq ghwhuplqlqj wkh rxwfrph ri wkh hohfwlrqv1 Lq rwkhu zrugv/
+xqlqiruphg, yrwhuv duh rqo| lq xhqfhg e| fdpsdljq dgyhuwlvhphqwv dqg h{shqglwxuhv1
Wkh sdudphwhu  uhsuhvhqwv dq dv|pphwu| ehwzhhq wkh wzr fdqglgdwhv= iru  A @2 wkh
lqfxpehqw kdv d uhfrjqlwlrq dgydqwdjh1  ?  lpsrvhv glplqlvklqj pdujlqdo hhfwlyh0
qhvv wr hruw1
Hdfk fdqglgdwh idfhv d grzqzdug vorslqj ghpdqg iru dffhvv/ yEK/ ghulyhg e| wkh
pdq| khwhurjhqrxv lqwhuhvw jurxsv lqwhuhvwhg lq sxufkdvlqj vrph ri wkh wlph ri d sr0
whqwldo hohfwhg srolwlfldq1 Wkh sulfh ri dffhvv ghshqgv rq wkh suredelolwlhv ri hohfwlrq iru
hdfk frqwhvwdqw/ wdnhq dv jlyhq e| grqruv/ vlqfh dffhvv kdv d ydoxh iru wkh oreelhv rqo|
li cwkhlu* pdq lv hohfwhg1 Lq wkh udwlrqdo h{shfwdwlrq htxloleulxp/ wkhvh eholhiv frlqflgh
zlwk wkh htxloleulxp suredelolwlhv1 Wkhq/ wkh sulfh ri dffhvv lv syEK
￿  iru wkh lqfxpehqw
dqg E  syEK
￿  iru wkh fkdoohqjhu1
Hruw frvwv prqh|1 I ru vlpsolflw|/ zh dvvxph wkdw hruw lv d olqhdu ixqfwlrq ri
wkh wrwdo ixqgv udlvhg/ exw vxemhfw wr d wkuhvkrog ohyho qhhghg wr fryhu d {hg frvw ri
fdpsdljq +N
￿ iru wkh lqfxpehqw dqg N

















<zkhuh wkh sdudphwhuv h
￿ dqg h
￿ duh suhghwhuplqhg fdpsdljq hhfwlyhqhvv ohyhov edvhg rq
lghrorjlfdo dwwdfkphqwv/ qdph uhfrjqlwlrq ru wkh olnh> e
￿ dqg e
￿ uhsuhvhqw wkh pdujlqdo
frvw ri hruw> syEK
￿ K
￿ dqg E  syEK
￿ K
￿ duh wrwdo uhyhqxhv iurp dffhvv> dqg F
￿
dqg F
￿ ghqrwh frqwulexwlrqv uhfhlyhg iurp dgyrfdf| lq wkh uvw vwdjh ri wkh jdph1 Li d
fdqglgdwh lv qrw deoh wr udlvh hqrxjk frqwulexwlrqv wkurxjk dffhvv dqg dgyrfdf| wr fryhu
wkh {hg frvw ri fdpsdljq +qdpho|/ li wkh vtxduh eudfnhwv lq +5, dqg +6, duh qhjdwlyh,/
kh zloo qrw eh deoh wr dfwlyho| fdpsdljq dqg wkh rssrqhqw zlqv wkh hohfwlrqv1












































￿ = +7, lv ghqhg iru qrqqhjdwlyh hruw ohyhov h
￿ > h
￿ = D
vx!flhqw frqglwlrq iru hruw wr eh srvlwlyh lv e
￿ h
￿  N
￿ A f dqg e
￿ h
￿  N
￿ A f= Jlyhq
wkhvh dvvxpswlrqv dqg wkh suhylrxvo| lpsrvhg uhvwulfwlrq  ? > lq wkh Dsshqgl{ zh
suryh h{lvwhqfh dqg xqltxhqhvv ri wkh htxloleulxp suredelolw|1
Fdqglgdwhv vhoo qlwh dprxqwv ri dffhvv ehfdxvh ri wkh fruuhvsrqglqj frvw wkh| zloo
lqfxu zkhq gholyhulqj wkh vhuylfh li hohfwhg1 Wkh rswlpdo ohyho ri frqwulexwlrqv vrog e|
wkh fdqglgdwhv lv wkh vroxwlrq wr wkh vlpxowdqhrxv pd{lpl}dwlrq sureohpv ri fdqglgdwhv*
h{shfwhg xwlolwlhv/ wdnlqj dv jlyhq frqwulexwlrqv iurp dgyrfdflhv=
pd{
￿




￿ E  S dZ  KEK
￿ o +9,
zkhuh Z lv wkh ydoxdwlrq ri kroglqj r!fh dqg lE +KE, lv wkh frvw ixqfwlrq ri wkh
lqfxpehqw +fkdoohqjhu, iru wkh dffhvv surylghg1
￿
Wkh Qdvk htxloleulxp ohyhov ri K
￿ dqg
K
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￿ o  E  S K
￿
EK
￿  ' f +;,
￿
Li d fdqglgdwh lv qrw hohfwhg/ klv xwlolw| lv }hur1
43zkhuh vxevfulswv ri S ghqrwh sduwldo ghulydwlyhv dqg S
￿
￿
A f dqg S
￿
￿
? f( d fdqglgdwh*v
suredelolw| wr zlq lv lqfuhdvlqj lq klv rzq frqwulexwlrq1
￿
Li wkh fdqglgdwhv duh shuihfwo| v|pphwulf/ d v|pphwulf Qdvk htxloleulxp rewdlqv
zkhuh S '
￿
￿ dqg erwk fdqglgdwhv vhoo wkh vdph dprxqw ri dffhvv1 Dv|pphwulhv ehwzhhq
lqfxpehqw dqg fkdoohqjhu fdq ohdg wr fruqhu vroxwlrqv zkhuh rqo| rqh fdqglgdwh uhfhlyhv
ixqgv dqg lv hohfwhg zlwk suredelolw| 41
Dv|pphwu| ehwzhhq wkh wzr fdqglgdwhv lv fuxfldo wr rxu vwru| dv zhoo dv ehlqj kljko|
uhdolvwlf +lqfxpehqwv kdyh dq ryhuzkhoplqj dgydqwdjh lq Frqjuhvvlrqdo udfhv,1 Wkh
nh| irup ri dv|pphwu| iru rxu sxusrvhv lv wkh ohyho ri frqwulexwlrqv vrolflwhg lq wkh
dgyrfdf| vwdjh zkhuh wkh lqfxpehqw fdq sod| vwudwhjlfdoo| wr pdnh lw lpsrvvleoh iru
d fkdoohqjhu wr frpshwh1 Dv|pphwu| fdq dovr dulvh h{rjhqrxvo| ehfdxvh ri uhfrjqlwlrq
+l1h1/ wkh sdudphwhu ,/ ehfdxvh ri glhuhqw frvw ixqfwlrqv +prvw suredeo| wkh lqfxpehqw
kdv d orzhu frvw wr surylgh wkh vdph vhuylfhv,/ ehfdxvh ri glhuhqw {hg frvwv wr hqwhu
wkh hohfwrudo surfhvv/ ehfdxvh ri glhuhqw ghpdqg ixqfwlrqv ru iru wkh suhghwhuplqhg
fdpsdljq hhfwlyhqhvv ohyhov1 Krzhyhu/ zh duh frqfhuqhg zlwk wkh lqwhuhvwlqj fdvh zkhuh
h{rjhqrxv dv|pphwu| lv qrw vr surqrxqfhg dv wr uhqghu gh hfwlrq ydoxhohvv1
Dgyrfdf| frqwulexwlrqv kdyh wkh hhfw ri orzhulqj wkh {hg frvw zklfk pxvw eh
fryhuhg e| dffhvv frqwulexwlrqv1 Qhdu wkh v|pphwulf Qdvk htxloleulxp wkh hhfwv ri wkh










A f> n> m ' L> F( n 9' m
vr wkdw erwk fdqglgdwhv vhoo pruh dffhvv dv wkh frvw ri rqh ri wkhp lqfuhdvhv1 Wkxv
dq lqfuhdvh lq dgyrfdf| frqwulexwlrq iru rqh srolwlfldq uhgxfhv wkh htxloleulxp ohyho ri
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( duh dvvxphg wr
eh vpdoo hqrxjk vr wkdw wkh vhfrqg rughu frqglwlrqv duh vdwlvhg1 Vhh Dqghuvrq dqg Suxvd +5334d, iru
uhvwulfwlrqv wkdw hqvxuh wklv uhvxow1 Wkh frqglwlrqv krog iru wkh vlpxodwlrqv lq vhfwlrq 91










? f> n> m ' L> F( n 9' m=
Li d fdqglgdwh dffhswv dq dgyrfdf|/ kh suhihuv wr uhfhlyh dv odujh d frqwulexwlrq dv
srvvleoh1 Z h qrz frqup wklv lqwxlwlyh uhvxow1 I roorzlqj Dqghuvrq dqg Suxvd +5334d,/
lw lv hdv| wr vkrz wkdw wkh ghfuhdvh lq wkh ohyhov ri dffhvv lv vxfk wkdw wkh gluhfw hhfw









Wkhvh uhvxowv doorz xv wr vkrz wkdw d fdqglgdwh*v h{shfwhg xwlolw| lv lqfuhdvlqj




































￿ 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615 Iluvw Vwdjh= wkh Dgyrfdf| Ghflvlrq
Wkh uvw vwdjh ri ghflvlrq pdnlqj lqyroyhv wzr yduldeohv/ wkh ghflvlrq wr hqwhu ru qrw
dqg wkh ghflvlrq wr dgyrfdwh ru qrw1 I rupdoo| wkhvh wzr yduldeohv duh ghflghg e| erwk
fdqglgdwhv1 Exw lq hhfw wkh| kdyh rqo| dgyrfdf| wr ghflgh ehfdxvh lq rxu vhwxs wkh
zruvw rxwfrph lv }hur h{shfwhg xwlolw|/ zklfk lv dvvxphg wr eh htxdo wr wkh rssruwxqlw|
frvw ri wkh fdqglgdwh1 Wklv wv wkh vw|ol}hg idfwv1 I ru wkh lqfxpehqw/ wkh hqwu| ghflvlrq




1 Dv iru wkh fkdoohqjhu/ wkh hylghqfh vxjjhvwv wkdw d
fkdoohqjhu zloo dozd|v hqwhu wkh udfh/ exw wkh fkdoohqjhu zloo riwhq qrw eh yldeoh lq wkh
vhqvh ri dwwudfwlqj frqwulexwlrqv1 Lq wkh odwwhu fdvh zh vd| wkdw qr yldeoh fkdoohqjhu
hqwhuv wkh udfh1
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( ? 3 vlqfh d
ulvh lq wkh dgyrfdf| frqwulexwlrq vkrxog qrw ghfuhdvh wkh htxloleulxp suredelolw| ri d fdqglgdwh1 Wkhvh






















( duh vpdoo hqrxjk frpsduhg wr wkh rwkhu whupv lq hdfk h{suhvvlrq1




D zhdn lqfxpehqw frxog ghflgh wr h{lw dqg lqghhg vrphwlphv edg qhzv fdxvhv vxfk d ghflvlrq1 Lq
wklv fdvh wkh irupdo dqdo|vlv dssolhv li zh vzlwfk wkh odehov ri lqfxpehqw dqg fkdoohqjhu1
45Wkh lqfxpehqw*v dgyrfdf| ghflvlrq suhfhghv wkh fkdoohqjhu*v dgyrfdf| ghflvlrq1 Wkh
lqfxpehqw fdq fdslwdol}h rq klv uvw pryhu dgydqwdjh e| wdnlqj wkh frqwulexwlrq iurp
d oree|1 Zkhq srvvleoh/ gh hfwlrq pd| eh pruh ydoxdeoh1 Dffhswlqj ru uhmhfwlqj dq
dgyrfdf| shwlwlrq fdq fuhdwh d prwlyh iru dq rssrvlqj oree| wr ixqg d fkdoohqjhu1 Lw
lv lpsruwdqw wr qrwh wkdw uhmhfwlqj d shwlwlrq lv riwhq mxvw dv uhyhdolqj dv dffhswlqj
lw1 Gh hfwlqj wkh oree|*v uhtxhvw dqg klglqj lqirupdwlrq derxw srolf| suhihuhqfhv fdq
wkxv dfklhyh dq lpsruwdqw uhvxow1 Lw pd| uhgxfh wkh lqfhqwlyh iru wkh oree| wr vxssruw
d fkdoohqjhu1 Li wkh fkdoohqjhu fdqqrw fryhu wkh {hg frvw ri hqwhulqj wkh hohfwrudo
frpshwlwlrq/ kh fdqqrw dfklhyh d srvlwlyh suredelolw| ri hohfwlrq dqg wkxv wkh lqfxpehqw
hqmr|v dq hruwohvv uhhohfwlrq1 Wkh fuxfldo dvshfw lv wkh lq xhqfh ri wkh lqfxpehqw*v
dfwlrq rq wkh vxevhtxhqw ghflvlrq ri d oree| wr ixqg ru qrw wr ixqg d fkdoohqjhu1 Li
wkh gh hfwlrq fkdqqho zhuh qrw dydlodeoh/ dq lqfxpehqw zrxog eh irufhg wr wdnh d vwdqg
rq wkh oree|*v dgyrfdf| uhtxhvw/ vlqfh kh fdqqrw frqfhdo klv suhihuhqfhv1 Klv vwdqg
zloo lpso| frqwulexwlrqv iurp d oree|/ exw wkh rssrvlwh oree| pd| ixqg dqg pdnh d
fkdoohqjhu yldeoh1
Z h dvvxph wkdw wkhuh duh wzr oreelhv lqwhuhvwhg lq kdylqj d fdqglgdwh wr dgyrfdwh
wkhlu rssrvlqj fdxvhv1 Rqh ri wkhvh oreelhv/ fdoohg Surwhfwlrqlvw/ zrxog olnh wr kdyh vrph
wudgh surwhfwlrq lpsrvhg1 Wkh rwkhu oree|/ Olehudo/ vxssruwv iuhh wudgh1 Wkh Olehudo
wudgh oree| lv dvvxphg wr ydoxh dgyrfdf| ohvv wkdq wkh Surwhfwlrqlvw oree| ehfdxvh wkh
vwdwxv txr idyruv olehudo wudgh +qrwklqj hvvhqwldo kdqjv rq wklv dv|pphwu|,1 Wkxv zh
hqylvlrq wkh Surwhfwlrqlvw oree| dv srwhqwldoo| dssurdfklqj wkh lqfxpehqw wr dvn iru klv
vxssruw lq lpsrvlqj wudgh uhvwulfwlrqv1
Lq wklv vhwxs zlwk ghohjdwlrq dqg vdihw| ydoyh gh hfwlrq/ wkh lqfxpehqw zloo ghflgh
hlwkhu wr vhoo d surwhfwlrqlvw dgyrfdf|/ wr vxssruw iuhh wudgh/ ru gh hfw suhvvxuh lqwr
wkh DG fkdqqho1 Wkh lqfxpehqw zloo qrw rshqo| vxssruw iuhh wudgh ehfdxvh wklv zloo
surpsw wkh Surwhfwlrqlvw oree| wr dssurdfk wkh fkdoohqjhu zkloh |lhoglqj d vpdoohu frq0
wulexwlrq iurp wkh Olehudo oree| wkdw hqmr|v wkh vwdwxv txr ri iuhh wudgh1 Krzhyhu/
dgyrfdwlqj surwhfwlrqlvw phdvxuhv zloo sxvk wkh Olehudo oree| wr orrn iru d vxssruwhu lq
wkh fkdoohqjhu1
Wkh ghflvlrq ehwzhhq dgyrfdf| dqg gh hfwlrq ghshqgv rq wkh qhw ehqhw ri hdfk
46dfwlrq1 Dqdo|wlfdoo|/ jlyhq wkh vroxwlrq ri K
￿ dqg K
￿ iurp wkh vhfrqg vwdjh ri wkh
jdph +l1h1/ zh lpsrvh vxejdph shuihfwlrq,/ wkh lqfxpehqw fkrrvhv wr dffhsw dgyrfdf|
frqwulexwlrqv ru gh hfw lq rughu wr pd{lpl}h klv h{shfwhg xwlolw| S dZ  lEK
￿ o1 Jlyhq
wkh lqfxpehqw*v dfwlrq/ wkh fkdoohqjhu zloo dgyrfdwh d fdxvh/ surylghg wkdw d oree| zrxog




Wkh fkdoohqjhu zloo dozd|v vsrqvru dq dgyrfdf|
li kh ghflghv wr hqwhu exw kh grhv qrw hyhq frqvlghu wkh rswlrq ri wkh DG odz ehfdxvh lw
zrxog hqwdlo }hur frqwulexwlrqv1 Dqdo|wlfdoo|/ wkh fkdoohqjhu*v remhfwlyh lv wr pd{lpl}h
klv h{shfwhg xwlolw| E  S dZ  KEK
￿ o1
Wkh dqdo|wlfdo vroxwlrq ri wklv vwdjh frlqflghv zlwk wkh htxloleulxp ri wkh wzr0vwdjh








￿ j > zklfk lq wxuq ghwhuplqhv wkh suredelolw| ri hohfwlrq
iru wkh lqfxpehqw ES  dqg wkh fkdoohqjhu E  S = Wkh frpsoh{lw| ri wkh prgho grhv
qrw doorz xv wr ixoo| fkdudfwhul}h wkh vroxwlrq lq dq dqdo|wlfdo zd|1 Z h glvfxvv vrph
wkhruhwlfdo lpsolfdwlrqv lq vhfwlrq 7 exw zh zloo kdyh wr qxphulfdoo| vlpxodwh wkh prgho
ryhu glhuhqw sdudphwhu udqjhv lq rughu wr looxvwudwh wkh vroxwlrq ri wkh prgho1
61514 Oreelhv* Ehkdylru
Dw wkh dgyrfdf| vwdjh wkhuh duh rqo| wzr oreelhv rq rssrvlwh vlghv ri d vlqjoh lvvxh
+iuhh wudgh ru surwhfwlrq,1 Wkhlu sd|rv duh frqvwuxfwhg dv iroorzv1 Z h dvvxph wkdw
hdfk oree| jdlqv J lq h{shfwhg ydoxh zkhq d frpplwwhg srolwlfldq lv hohfwhg= J lv wkh
h{shfwhg ydoxh ri wkh frqwlqxhg iuhh wudgh uhjlph iru wkh Olehudo oree| dqg wkh h{shfwhg
jdlq iurp wudgh surwhfwlrq iru wkh Surwhfwlrqlvw oree|1 Dv|pphwu| lq J> zkhq dgplwwhg
ehorz/ w|slfdoo| uhlqirufhv wkh lqfxpehqw*v dgydqwdjh vlqfh kh pryhv uvw dqg vlqfh d
uhhohfwhg lqfxpehqw lv olnho| wr eh pruh h!flhqw lq gholyhulqj srolwlfdo ehqhwv wkdq lv
d zlqqlqj fkdoohqjhu +l1h1/ kh surylghv d kljkhu J,1
Rvhwwlqj wkh jdlq J wr wkh oree| lv lwv frvw/ wkh frqwulexwlrq sdlg wr wkh lqfxpehqw
+F
￿ , ru wr wkh fkdoohqjhu +F
￿ ,1 Pruhryhu/ li qr dgyrfdf| frqwulexwlrq lv sdlg/ wkh








Zh dvvxph wkdw wkh fkdoohqjhu grhv qrw vxssruw wkh vdph dgyrfdf| dv wkh lqfxpehqw1 Wkh udwlrqdoh





Dq lqfxpehqw pd| hqg xs vxssruwlqj surwhfwlrq hyhq diwhu fkrrvlqj wr gh hfw1 Lq idfw/ gh hfwlrq
47vlplodu zd|/ zkhq wkh fkdoohqjhu lv qrw rhuhg dq| frqwulexwlrq/ kh lv h{shfwhg wr vxssruw
wkh surwhfwlrqlvwv* ghpdqg zlwk d suredelolw| 
￿ = Wkh oree| irupv dq h{shfwdwlrq ri wkh
suredelolw| ri lqfxpehqw uhhohfwlrq dw wkh hqg ri wkh dffhvv frpshwlwlrq jdph1 e S lv wkh
suredelolw| zkhq wkhuh duh qr dgyrfdf| frqwulexwlrq rq hlwkhu vlgh/ h S wkh suredelolw|
zkhq erwk vlghv rewdlq dgyrfdf| frqwulexwlrqv/ zkloh S dqg S ghqrwh wkh suredelolwlhv
zkhq mxvw rqh vlgh frqwulexwhv1 Jlyhq wklv vhwxs/ d vxppdu| ri wkh h{shfwhg xwlolw| iru



















zklfk oree| frqwulexwhv wr wkh fkdoohqjhu zkhq wkh lqfxpehqw gh hfwv1
W deoh 4= Oreelhv* sd|rv
Olehudo Surwhfwlrqlvw
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Wkh wzr oreelhv kdyh wr ghflgh krz pxfk wr frqwulexwh wr lqfxpehqw dqg fkdoohqjhu1
Wklv srvhv d gl!fxow prghoolqj sureohp ehfdxvh ri wkh vwudwhjlf lqwhudfwlrqv ehwzhhq
wzr oreelhv rq rqh vlgh dqg wzr srolwlfldqv rq wkh rwkhu vlgh/ zlwk wkh lqfxpehqw kdylqj
d uvw pryhu dgydqwdjh1 Z h uhvroyh wkh sureohp zlwk d sodxvleoh elw ri dgghg vwuxfwxuh1
Wkh fkdoohqjhu idfhv wzr oreelhv li wkh lqfxpehqw kdv qrw dffhswhg dgyrfdf| frqwulex0
wlrqv dqg rqh oree| li wkh lqfxpehqw kdv dffhswhg dgyrfdf| frqwulexwlrqv1 Z h dvvxph
+sodxvleo|, wkdw wkhuh lv dq lqqlwho| hodvwlf vxsso| ri fkdoohqjhuv zlwk }hur uhvhuydwlrq
xwlolw|/ vr cwkh* fkdoohqjhu lv xqdeoh wr h{wudfw uhqw iurp wkh oree|1 Wkh oree| zloo pdnh
h{dfwo| lwv rswlpdo frqwulexwlrq vxemhfw wr grlqj ehwwhu wkdq zlwk d }hur frqwulexwlrq1
Zkhq J lv qrw wrr odujh/ wklv lv wkh plqlpdo frqwulexwlrq qhhghg wr pdnh wkh fkdoohqjhu
lv qrw lghrorjlfdoo| prwlydwhg exw lw lv udwlrqdoh iru wkh lqfxpehqw*v uhhohfwlrq prwlyh1 Vxssruw diwhu
gh hfwlrq pd| uh hfw wkh srvvlelolw| ri vxevhtxhqw orfdo vkrfnv +l1h1/ kdup wr d up lq wkh lqfxpehqw*v
glvwulfw, fdxvlqj wkh lqfxpehqw frqjuhvvpdq wr dfwlyho| vxssruw wudgh srolf| uhphglhv1 Lq wkh ghohjdwlrq
uhjlph/ vxfk vxssruw wdnhv wkh irup ri oree|lqj wkh h{hfxwlyh eudqfk iru vdihjxdug dqg DG uhphglhv
erwk gluhfwo| dqg wkurxjk lqgluhfw suhvvxuh rq wkh h{hfxwlyh djhqflhv yld frqwuro ri wkhlu exgjhwv/ zrun
uxohv dqg dssrlqwphqwv1
48yldeoh1 Iru vx!flhqwo| odujh J/ lw lv srvvleoh wkdw wkh rswlpdo frqwulexwlrq lv odujhu1
￿
￿
Iru wkh lqfxpehqw/ wkh frqwulexwlrq ohyho lv wkh rxwfrph ri d jdph ehwzhhq kh dqg
wkh wzr oreelhv1 Iru rxu sxusrvhv lw lv xqqhfhvvdu| wr prgho wklv frpsoh{ jdph/ khqfh
zh gr qrw slq grzq wkh h{dfw dprxqw ri wkh frqwulexwlrq1 Z h qhhg rqo| frqvlghu li wkhuh
lv d frqwulexwlrq ohyho vxfk wkdw erwk wkh oree| dqg wkh lqfxpehqw jdlq1 Li wklv lv wkh
fdvh/ zh dvvxph +yhu| sodxvleo|, wkdw wkh jdph rxwfrph lv wkdw wkh lqfxpehqw grhv qrw
gh hfw1 Lq frqwudvw/ zh fdq dvvxph wkdw wkh lqfxpehqw gh hfwv li wkh pd{lpxp dprxqw
wkdw d oree| lv zloolqj wr rhu grhv qrw pdnh wkh lqfxpehqw ehwwhu r zlwk uhvshfw wr wkh
uhmhfwlrq ri wkh dgyrfdf|1 Zh vlpxodwh wkh prgho iru ydulrxv frqwulexwlrq ohyhov/ vr wkh
idfw wkdw zh gr qrw ghwhuplqh d sduwlfxodu frqwulexwlrq ohyho iru wkh lqfxpehqw ehfrphv
dq dgydqwdjh ri wkh prgho doorzlqj xv wr hvfdsh lpsrvlqj dq| dg krf vshflfdwlrqv iru
wkh lqwhudfwlrq ehwzhhq wkh oreelhv dqg wkh lqfxpehqw1 Vlqfh wkhuh lv qr d sulrul eholhi
derxw wkh fkdoohqjhu*v wuxh srvlwlrqv/ lw lv uhdvrqdeoh wr vhw 
￿ '
I




J vlqfh gh hfwlrq doorzv wkh lqfxpehqw wr klgh klv lqwhqwlrqv1
7 Wkhruhwlfdo Lpsolfdwlrqv
Hyhq wkrxjk wkh prgho grhv qrw dgplw d forvh irup vroxwlrq/ zh fdq vd| vrphwklqj
derxw wkh irufhv dw zrun dqg wkh lqwxlwlrq wkdw gulyhv wkh uhvxowv1
Frqvlghu uvw d olplw fdvh zkhuh gh hfwlrq fdqqrw eh wkh rswlpdo vwudwhj| iru wkh
lqfxpehqw1 Lq wkh fdvh zkhuh hdfk oree| jdlqv wkh vdph h{shfwhg ydoxh +J, iurp wkh
hohfwlrq ri d frpplwwhg fdqglgdwh dqg wkh frvw ri hqwu| lv }hur iru erwk fdqglgdwhv/
d oree| zrxog dozd|v qg lw rswlpdo wr frqwulexwh wr wkh fkdoohqjhu lqghshqghqwo| ri
wkh dgyrfdf| srvlwlrq wdnhq e| wkh lqfxpehqw1 Iurp wkh srlqw ri ylhz ri wkh oree|/
sd|lqj hyhq d vpdoo frqwulexwlrq jxdudqwhhv wkh fdqglgdwh*v vxssruw li hohfwhg1 Iru wkh
fkdoohqjhu/ dq| frqwulexwlrq lqfuhdvhv klv h{shfwhg xwlolw| ehfdxvh ri wkh h{wud uhyhqxh




Iurp vhfwlrq 614 zh nqrz wkdw/ dw ohdvw lq d qhljkerukrrg ri wkh v|pphwulf htxloleulxp/ dgyrfdf|
frqwulexwlrqv uhgxfh wkh ohyho ri dffhvv vrog e| wkh fdqglgdwhv +wklv dozd|v krogv lq wkh vlpxodwlrqv,1
Vwloo/ li J lv odujh hqrxjk/ wkh oree| frqwulexwlqj wr wkh fkdoohqjhu qgv lw rswlpdo wr sd| pruh wkdq
wkh plqlpxp frqwulexwlrq= wkh jdlq iurp wkh lqfuhdvhg suredelolw| wlphv wkh odujh J frpshqvdwhv iru
wkh ghfuhdvhg ohyho ri dffhvv vrog e| wkh fkdoohqjhu1
49wklv/ wkh lqfxpehqw zloo dffhsw wkh Surwhfwlrqlvw dgyrfdf| klpvhoi vlqfh gh hfwlqj wkh
suhvvxuh grhv qrw suhyhqw wkh fkdoohqjhu iurp ehlqj rhuhg dq dgyrfdf|1 I rupdoo|=
Sursrvlwlrq 4 Gh hfwlrq lv qrw wkh rswlpdo vwudwhj| iru wkh lqfxpehqw li wkh fkdoohqjhu
lv yldeoh zlwkrxw dgyrfdf| frqwulexwlrqv1
Surri= vhh Dsshqgl{1




Djdlqvw wklv edfngurs/ frqvlghu d fdvh zkhuh gh hfwlrq lv dgrswhg1 D qhfhvvdu|
frqglwlrq lv wkdw N
￿ lv kljk hqrxjk vr wkdw wkh fkdoohqjhu lv qrw yldeoh li kh grhv qrw
uhfhlyh dgyrfdf| frqwulexwlrqv  klv h{shfwhg xwlolw| zlwkrxw dgyrfdf| frqwulexwlrqv
lv qrw vwulfwo| srvlwlyh1 Zkdw vkrxog wkh lqfxpehqw gr wdnlqj lqwr frqvlghudwlrq wkh
oreelhv* ehvw uhvsrqvh +l1h1/ wkh oreelhv* rswlpdo ohyho ri frqwulexwlrq,B Wkh dqvzhu
ghshqgv rq wkh ydoxhv ri J= Li wkh fkdoohqjhu lv qrw rhuhg dq dgyrfdf|/ kh zloo qrw
eh yldeoh dqg wkh lqfxpehqw zloo eh uhhohfwhg1 W dnlqj wzr h{wuhph fdvhv fodulhv wkh
vlwxdwlrq= zkhq J ' f d oree| grhv qrw kdyh dq| lqfhqwlyh wr frqwulexwh wr wkh fkdoohqjhu
exw zkhq J lv yhu| odujh d oree| fdq jdlq e| pdnlqj wkh fkdoohqjhu d yldeoh fdqglgdwh1
E| frqwlqxlw|/ wkhuh h{lvwv d fulwlfdo ydoxh ri J wkdw pdnhv zruwk lw iru d oree| wr rhu
dq dgyrfdf| wr wkh fkdoohqjhu1 Wkxv=
Sursrvlwlrq 5 Gh hfwlrq lv wkh rswlpdo vwudwhj| iru wkh lqfxpehqw li
l, wkh fkdoohqjhu lv qrw yldeoh zlwkrxw dgyrfdf| frqwulexwlrqv dqg
ll, J lv qrw wrr odujh= J ? 2F
￿ @ES  zkhuh S ghqrwhv wkh htxloleulxp suredelolw|
zkhq rqo| wkh fkdoohqjhu uhfhlyhv dgyrfdf| frqwulexwlrqv dqg F
￿ ghqrwhv wkh dgyrfdf|
frqwulexwlrq1
Surri= vhh Dsshqgl{1
Wkh lqfxpehqw zloo qrw xvh wkh DG fkdqqho iru ohyhov ri J odujhu wkdq wkh fulwlfdo
ydoxh J
; / zkloh ehorz lw kh gh hfwv= Vlpxodwlrqv vkrz zkdw wklv fulwlfdo ydoxh lv iru




Wkh vlpxodwlrqv lq Dqghuvrq dqg Suxvd +5334d, vkrz wkdw vpdoo {hg frvwv duh vx!flhqw wr pdnh
wkh fkdoohqjhu qrw yldeoh1
4:714 Frvw ri Dgyrfdf|
Dq lpsolflw dvvxpswlrq ri wkh prgho suhvhqwhg lv wkdw d fdqglgdwh grhv qrw vwdqg wr
ehdu d frvw zkhq dgyrfdwlqj d fdvh +h1j1/ wr orvh yrwhv iurp yrwhuv zkr glvdssuryh ri
klv dgyrfdf|,/ h{fhsw iru wkh vwudwhjlf lqfhqwlyh idfhg e| wkh lqfxpehqw1 Wkh uhvxowv
suhvhqwhg duh vhqvlwlyh wr wklv dvvxpswlrq dqg lw lv wkhuhiruh zruwkzkloh h{sorulqj wkh
srvvlelolwlhv iru h{whqglqj wkh prgho lq d zd| wr uhod{ lw1
D vlpsoh dqg sodxvleoh h{whqvlrq lv wr prgli| wkh suredelolw| ixqfwlrq lq +4, wr
doorz iru wkh h{lvwhqfh ri wzr fdwhjrulhv ri yrwhuv= lqiruphg dqg xqlqiruphg1 Lq wklv
fdvh/ lqiruphg yrwhuv zrxog yrwh ghshqglqj rq wkh dgyrfdf| srvlwlrqv vxssruwhg e| wkh
fdqglgdwhv1 Wkh suredelolw| ixqfwlrq frxog wkhq eh jhqhudol}hg dorqj wkh olqhv ri Edurq
+4<<7, zlwk d vshflfdwlrq ri wkh irup






G n E  h
￿
M
zkhuh  +f ?  ? , uhsuhvhqwv wkh iudfwlrq ri lqiruphg yrwhuv/ G fkdudfwhul}hv wkh zd|
lqiruphg yrwhuv fdvw wkhlu edoorwv/ dqg wkh iudfwlrq +  , ri xqlqiruphg yrwhuv zrxog





J / dqg ! W f uhsuhvhqwv wkh sruwlrq ri lqiruphg yrwhuv wkh lqfxpehqw orvhv




D vlpsohu srvvlelolw| wr wdnh lqwr dffrxqw d yrwh orvv zrxog eh wr frqvlghu wkh suh0
ghwhuplqhg fdpsdljq hhfwlyhqhvv ohyhov h
￿ dqg h
￿ wr ghshqg rq wkh dgyrfdf| srvlwlrqv








Q 9' f iru m> n ' L> F1 Wkhvh ghulydwlyhv zrxog wdnh glhu0
hqw ydoxhv zkhq wkh frqwulexwlrqv vzlwfk iurp }hur wr d srvlwlyh qxpehu/ lqghshqghqwo|
ri wkh pdjqlwxgh ri wkh frqwulexwlrq dprxqw1
H{whqglqj wkh prgho wr lqfoxgh lqiruphg yrwhuv fdq pdnh gh hfwlrq pruh ru ohvv
olnho| ghshqglqj rq wkh gluhfwlrqv lq zklfk lqiruphg yrwhuv zrxog ehkdyh ehfdxvh ri
wkh dgyrfdf| srvlwlrqv1 Lq rwkhu zrugv/ li dq dgyrfdf| srvlwlrq dwwudfwv pruh lqiruphg
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Lw lv vlpsoh wr suryh h{lvwhqfh dqg xqltxhqhvv ri wkh uhgxfhg irup suredelolw| iru wklv jhqhudol}hg
ixqfwlrq iroorzlqj wkh surri lq wkh Dsshqgl{1
4;rq wkh suredelolw| ri hohfwlrq1 Hyhq zkhq dq dgyrfdf| hduqv vrph yrwhv/ gh hfwlrq zloo
vwloo eh rswlpdo iru wkh lqfxpehqw lq vlwxdwlrqv zkhuh wkh jdlq lq wkh h{shfwhg xwlolw|
iurp gh hfwlrq lv odujh hqrxjk1 Lqvwhdg/ li wkh qhw uhvxow ri dgyrfdf| lv wr orvh lqiruphg
yrwhuv/ wkh lqfhqwlyh iru gh hfwlrq vkrxog ehfrph vwurqjhu1 Wklv glvfxvvlrq vkrxog pdnh
fohdu wkdw wkh frqvlghudwlrq ri dq dgyrfdf| frvw vkrxog qrw fkdqjh wkh txdolwdwlyh uhvxowv
suhvhqwhg lq wkh sdshu1
8 Fkrrvlqj wkh Gh hfwlrq Uhjlph
Suhfhglqj vhfwlrqv jlyh frqglwlrqv xqghu zklfk lqfxpehqw ohjlvodwruv zrxog pdnh xvh ri
wkh rswlrq ri gh hfwlqj wudgh srolf| suhvvxuh1 Wkrvh srolwlfldqv zkr iruhvhh xvlqj wkh
rswlrq zrxog vxuho| idyru d suhvvxuh gh hfwlrq uhjlph ehfdxvh lw udlvhv wkhlu fkdqfhv
ri dq hdv| hohfwlrq1 Wkh vxevwdqwldo qxpehu ri hvvhqwldoo| xqrssrvhg Frqjuhvvlrqdo
udfhv vxjjhvwv wkh srwhqwldo srsxodulw| ri gh hfwlrq1 Wkrvh zkr iruhvhh dgydqwdjhv
lq dffhswlqj dgyrfdf| srvlwlrqv lq wudgh/ lq frqwudvw/ vkrxog rssrvh gh hfwlrq1 Wkh
glyhujlqj ylhzv fdq eh olqhg xs rq d vlqjoh lvvxh vxfk dv d yrwh rq Wudgh Surprwlrq
Dxwkrulw|/ zlwk wkh phgldq ohjlvodwru*v ylhzv suhydlolqj1 Hsvwhlq dqg R*Kdoorudq +4<<<,
surylgh d wkrurxjk irupdo dqdo|vlv ri wklv uxohv0vhwwlqj vwdjh ri wkh phwdjdph lq wkhlu
wudqvdfwlrqv frvw prgho ri ghohjdwlrq1 Suhvvxuh gh hfwlrq vlpso| surylghv d qhz prwlyh
lq wkhlu vhwwlqj iru ohjlvodwruv wr yrwh iru ru djdlqvw ghohjdwlrq1
Zk| zrxog wkh H{hfxwlyh dffhsw uhfhlsw ri suhvvxuh wkdw zrxog rwkhuzlvh eh fkdq0
qhohg sulpdulo| rqwr wkh FrqjuhvvB Wkh dqvzhu surylghg e| rxu prgho lv wkdw gh hfwlrq
fdqqrw eh d vwudwhj| iru suhvlghqwldo fdqglgdwhv ehfdxvh wkhuh duh dozd|v wzr yldeoh
fdqglgdwhv1 Wkh ghihqvlyh vwudwhj| dydlodeoh wkurxjk gh hfwlrq zrunv rqo| zkhq wkh
dv|pphwu| ehwzhhq wkh fdqglgdwhv fdq uhvxow lq rqh kruvh udfhv1 Wkh H{hfxwlyh wkxv
grhv qrw kdyh dq lqfhqwlyh wr uhixvh suhvvxuh dqg suredeo| ehqhwv iurp wkh h{sdqvlrq
ri srolwlfdo sdwurqdjh dssrlqwphqwv zklfk dffhswlqj lw hqwdlov1
Dq lpsruwdqw jhqhudo htxloleulxp irufh dpsolhv wkh ghvludelolw| ri d gh hfwlrq
uhjlph iru lqfxpehqw ohjlvodwruv1 Zkhq wudgh lv csrolwlfl}hg*/ dv lq wkh XV srolwlfdo
uhjlph sulru wr 4<67/ pdq| srolwlfldqv fdq eh vzd|hg wr vxssruw surwhfwlrq zkloh pdq|
4<rwkhuv fdq eh vzd|hg wr rssrvh lw1 Zlwk wudgh srolwlfl}hg/ wkh jdlqv J wr wkh oreelhv
iurp zlqqlqj ryhu rqh pruh/ srvvleo| vzlqj/ vxssruwhu wr wkhlu vlgh duh lqfuhdvhg dv frp0
sduhg wr wkh fdvh zkhuh wudgh lv ohvv srolwlfdo1 Dq lqfxpehqw zkr iruhvhhv wkh jhqhudo
htxloleulxp hhfw uhfrjql}hv wkdw erwk oreelhv* jdlqv iurp vxssruwlqj d fkdoohqjhu duh
uhgxfhg/ vr hyhq li kh grhv sodq wr dgyrfdwh surwhfwlrq udwkhu wkdq gh hfw/ klv srwhqwldo
fkdoohqjhu lv ohvv olnho| wr eh vxssruwhg xqghu d gh hfwlrq uhjlph1 Wkh lqfxpehqw fdq
v|psdwkhwlfdoo| uhihu wkh oree|*v fdvh wr wkh h{hfxwlyh zkloh suhvhuylqj wkh vhfuhw ri klv
wuxh suhihuhqfhv/ dqg wkh dydlodelolw| ri wklv rswlrq wr doo klv froohdjxhv orzhuv wkh ydoxh
ri dgyrfdf| wr doo1 Wklv lv rxu vw|ol}hg yhuvlrq ri wkh srolwlfdo lqvwlwxwlrqv ri XV wudgh
srolf|1
Wklv jhqhudo htxloleulxp irufh pd| khos wr h{sodlq wkh gxudelolw| ri wkh uhjlph vkliw=
rqfh lq sodfh/ suhvvxuh gh hfwlrq zdv xqghuvwrrg wr eh yhu| khosixo wr lqfxpehqwv dv
suhvvxuh jurxsv frqfhqwudwhg hruwv rq wkh Suhvlghqw1 Wkh jhqhudo htxloleulxp hhfw
pd| dovr h{sodlq wkh hphujhqfh ri uhqhphqwv vxfk DG dqg xqlodwhudolvw h{sruw surpr0
wlrq wkurxjk Vhfwlrq 634 ri wkh Wudgh Dfw ri 4<:71 Srolwlfdo suhvvxuhv rq Frqjuhvv wr
lqwhuyhqh lq wudgh urvh lq wkh 4<:3*v zlwk wkh vzlwfk ri wudgh xqlrqv wr surwhfwlrqlvp1
Wklv rffxuuhg dv wkh hud ri ghwhqwh zlwk Frppxqlvw frxqwulhv uhgxfhg wkh dsshdo ri wkh
Frog Z du udwlrqdoh iru olehudo wudgh dv sduw ri sdwulrwlf iruhljq srolf|1 Wkh lqqrydwlrqv
ri wkh W udgh Dfw ri 4<:7 fdq eh xqghuvwrrg dv d uhvsrqvh zklfk orzhuhg wkh jdlqv J
zklfk oreelhv pljkw rewdlq e| vhfxulqj wkh dgyrfdf| ri d phpehu ri Frqjuhvv1 Wkh Dfw
zdv wkh fuhdwlrq ri olehudo wudghuv vxfk dv Zloexu Ploov xqghu wkh qdph ri dyhuwlqj vwloo
pruh surwhfwlrqlvw rxwfrphv1
Rxu vwru| h{sodlqv wkh wuhqg zh fdq ghwhfw zkhq revhuylqj wkh wlph hyroxwlrq ri
DG dv d surwhfwlrqlvw wrro1 I urp lwv lpsohphqwdwlrq lq 4<49 xqwlo wkh ehjlqqlqj ri wkh
4<;3v/ wkh XV DG odz zdv xvhg yhu| olwwoh ehfdxvh ri lwv whfkqlfdolwlhv1 Krzhyhu/ wkh
W udgh Djuhhphqwv Dfw ri 4<:< fkdqjhg wklv vlwxdwlrq e| pdnlqj lw hdvlhu iru dq lqgxvwu|
wr rewdlq surwhfwlrq wkurxjk DG gxwlhv1 Lwv glvfryhu| e| wkh lpsruw0frpshwlqj vshfldo
lqwhuhvwv dqg e| wkh Frqjuhvv ohg wr dq h{sorvlrq ri DG fdvhv1 Lw dovr ohg wr ixuwkhu
cuhqhphqwv* wr wkh DG odz1 Dprqj rwkhu phdvxuhv dgrswhg e| wkh XV Frqjuhvv/
wkh fxpxodwlrq uhtxluhphqw lpsohphqwhg lq 4<;7 dqg wkh prglfdwlrqv lpsohphqwhg
53iroorzlqj wkh Xuxjxd| Urxqg dgghg surylvlrqv wkdw uhlqirufhg rqfh pruh wkh xvh ri DG
shwlwlrqv1 Wkh odvw slhfh ri wklv hyroxwlrq lv d eloo dssuryhg e| wkh XV Frqjuhvv lq 5333
zklfk surylghv iru wkh uhyhqxh iurp DG gxwlhv wr eh uhglvwulexwhg wr wkh lqgxvwu| wkdw
ohv wkh DG shwlwlrq1
￿
￿
Z h vshfxodwh wkdw wkh suhvvxuh gh hfwlqj dgydqwdjhv ri ghohjdwhg dxwkrulw| pd| kdyh
vrph dsshdo lq sduoldphqwdu| ghprfudflhv1 Krzhyhu/ wkh suhvhqw prgho zrxog qhhg wr
eh prglhg wr lqfrusrudwh wkh vwudwhjlf lqwhudfwlrqv ehwzhhq lqglylgxdo phpehuv dqg
wkhlu sduw|/ zklfk fdq wdnh dgyrfdf| srvlwlrqv dqg glvwulexwh frqwulexwlrqv1 Wkh sduw|
zrxog fdofxodwh wkh ydoxh ri dgyrfdf| yhuvxv gh hfwlrq ghshqglqj rq wkh qxpehu ri
udfhv zklfk frxog ehfrph xqfrqwhvwhg lq fdvh ri qr dgyrfdf| ehlqj dffhswhg1 Wklv
vhhpv dqrwkhu lqwhuhvwlqj dssolfdwlrq ri wkh orjlf ri srolwlfdo suhvvxuh gh hfwlrq zklfk
zh ohdyh iru ixwxuh zrun1
Iurp d plfur0srolwlfv shuvshfwlyh/ wkh xvh ri DG surfhgxuhv dv d gh hfwlqj phfkd0
qlvp fuhdwhv d eduulhu wr yldelolw| ri fkdoohqjhuv/ uhlqiruflqj wkh dgydqwdjh wkdw lqfxp0
ehqwv xvxdoo| kdyh1 Zkloh hqwu| lv doprvw iuhh/ khqfh olwhudoo| xqrssrvhg fdqglgdwhv duh
uduh/ yldeoh fkdoohqjhuv duh deoh wr rewdlq lqwhuhvw jurxs fdpsdljq frqwulexwlrqv dqg
wkhlu suhvhqfh lv xqfrpprq1 Lq wklv vhqvh/ suhvvxuh gh hfwlrq fuhdwhv d eduulhu wr hqwu|1
Lq rxu prgho/ wkh DG odz lpsolhv dq lpsruwdqw srolwlfdo lqh!flhqf| rq wrs ri wkh zhoo
grfxphqwhg hfrqrplf lqh!flhqflhv vwhpplqj iurp lwv lpsohphqwdwlrq +vhh Eorqljhq dqg
Suxvd +5336, iru d vxuyh| ri wkh hhfwv ri dq DG odz,1 Zkhqhyhu gh hfwlrq ghwhuv yldeoh
fkdoohqjhuv/ lw uhgxfhv wkh dprxqw ri dffhvv vrog lq htxloleulxp wr }hur1 Srsxodu qrwlrqv
ri cfdpsdljq uhirup* vxjjhvw wkdw jhwwlqj wkh prqh| rxw ri srolwlfv lv ghvludeoh/ exw
lq rxu prgho wkh uhgxfhg vdoh ri dffhvv lv suhvxpswlyho| xqghvludeoh ehfdxvh dgyrfdwhv
ri ydulrxv lqwhuhvwv duh xqdeoh wr rewdlq dffhvv wr suhvhqw wkhlu lqirupdwlrq1 D ghhshu
prgho ri srolwlfldqv* surgxfwlrq lv qhhghg wr pdnh d zhoo0irxqghg qrupdwlyh vwdwhphqw1
Wkh skhqrphqrq ri suhvvxuh gh hfwlrq lv qrw frqqhg wr wudgh srolf| ru wr wkh DG
odz1 Lq wkh fdvh ri DG/ wkh Surwhfwlrqlvw oree| dssurdfkhv wkh lqfxpehqw wr prgli|




Wkh ZWR Glvsxwh Vhwwohphqw Sdqho kdv uxohg djdlqvw wklv dphqgphqw ri wkh XV DG odz1 Suhvlghqw
Exvk xujhg wr uhshdo wklv surylvlrq lq klv Exgjhw Sursrvdo iru vfdo |hdu 53371
54uhvlvw wkh suhvvxuh zlwkrxw vwluulqj xs rssrvlwlrqv1 Wklv vxjjhvwv wkdw gh hfwlrq lv qrw
d xqlyhuvdo srvvlelolw|/ exw pd| dulvh lq vlwxdwlrqv zlwk vlplodu jdph vwuxfwxuhv zkhuh
wkhuh lv d oree|lqj ulydou| ehwzhhq wkh vwdwxv txr dqg vrph vlqjoh dowhuqdwlyh vr wkdw
wkh oree| wkdw zdqwv d fkdqjh ri wkh vlwxdwlrq sod|v uvw lq wkh dgyrfdf| vwdjh1
9 Vlpxodwlrqv
Wkh wzr0vwdjh jdph lv wrr frpsolfdwhg wr doorz iru d forvhg irup vroxwlrq1 Wkhuhiruh/ zh
uho| rq vlpxodwlrqv lq rughu wr lghqwli| wkh frqglwlrqv wkdw gholyhu wkh uhvxow zkhuh wkh
lqfxpehqw idyruv wkh xvh ri wkh DG odz ryhu wkh vxssruw ri wkh Surwhfwlrqlvw dgyrfdf|1
Wkhvh frqglwlrqv klqjh rq dv|pphwulhv ehwzhhq lqfxpehqw dqg fkdoohqjhu/ zklfk fdq
dulvh iurp pdq| glphqvlrqv1
Wkh vlpxodwlrqv duh frqvwuxfwhg dv iroorzv1
￿
￿
Iru d jlyhq udqjh ri srvvleoh dgyrfdf|
frqwulexwlrqv wr wkh lqfxpehqw/ wkh htxloleulxp ri wkh prgho +l1h1/ dffhvv vrog e| fdqgl0
gdwhv/ suredelolw| ri hohfwlrq/ xwlolw| ri fdqglgdwhv, lv fdofxodwhg iru doo srvvleoh ohyhov ri
d jlyhq udqjh ri dgyrfdf| frqwulexwlrqv wr wkh fkdoohqjhu1
￿
￿
I ru hdfk ri wkhvh htxloleuld/
wkh xwlolw| ohyhov ri wkh wzr oreelhv lv frpsxwhg dv d ixqfwlrq ri J1 Wkhq/ iru hdfk ydoxh
ri J dqg wdnlqj dv jlyhq wkh dgyrfdf| frqwulexwlrq sdlg wr wkh lqfxpehqw/ zh qg rxw
wkh rswlpdo fkrlfh ri wkh oree| frqwulexwlqj wr wkh fkdoohqjhu1
Iurp wkhvh vlpxodwlrqv/ zh revhuyh glhuhqw uhvxowv ghshqglqj li J lv deryh ru ehorz
d fulwlfdo ydoxh1 Zkhq J lv ehorz wkh fulwlfdo ydoxh/ wkh h{shfwhg xwlolw| ri wkh oree|
frqwulexwlqj wr wkh fkdoohqjhu lv pd{lpl}hg zkhq qr dgyrfdf| frqwulexwlrq lv sdlg wr
dq| fdqglgdwh1 Wkh rwkhu oree| frxog lqfuhdvh lwv xwlolw| li wkh lqfxpehqw dgyrfdwhv lwv
fdxvh exw dq| sd|phqw iurp wklv oree| zrxog qrw eh hqrxjk wr pdnh cqr gh hfwlrq* wkh
rswlpdo fkrlfh iru wkh lqfxpehqw1 Wkhuhiruh/ wkh lqfxpehqw gh hfwv1 Zkhq J lv deryh
wkh fulwlfdo ydoxh/ d oree| lv zloolqj wr pdnh wkh fkdoohqjhu yldeoh lqghshqghqwo| ri wkh




Lq rughu wr vlpxodwh wkh prgho/ zh dvvxph wkh iroorzlqj ixqfwlrqdo vshflfdwlrqv dqg sdudphwhu
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Zh fkhfnhg wkdw wkh vhfrqg rughu frqglwlrqv lq irrwqrwh ; krog1
55wr eh sdlg wr wkh lqfxpehqw vxfk wkdw erwk wkh oree| dqg wkh lqfxpehqw jdlq ryhu wkh
rxwfrph zkhuh qr frqwulexwlrq lv sdlg wr wkh lqfxpehqw1 Lq wklv fdvh/ wkh lqfxpehqw
grhv qrw gh hfw1 Qrwh wkdw zh gr qrw slq grzq wkh dprxqw ri frqwulexwlrqv sdlg wr wkh
lqfxpehqw/ dv zh gr qrw lpsrvh dq| dg krf edujdlqlqj surfhvv ehwzhhq lqfxpehqw dqg
oree|1
Lq wkh iroorzlqj/ zh suhvhqw vlpxodwlrqv iru glhuhqw ydoxhv ri wkh uhfrjqlwlrq sdud0
phwhu > dv zhoo dv glhuhqw frvwv ri dffhvv dqg ydoxhv ri J= Krzhyhu/ sduwlfxodu dwwhqwlrq
lv jlyhq wr glhuhqfhv lq wkh frvwv ri fdpsdljq1 Z h qrupdol}h N
b ' f dqg lqyhvwljdwh
wkh uhvxowv ri wkh prgho iru ydoxhv ri N
c iurp f wr f=bb> wkh xsshu erxqg ehlqj fkrvhq




Wkh lqwxlwlrq ehklqg wkh wzr sursrvlwlrqv suhvhqwhg hduolhu kdv lwv frxqwhusduw lq
wkh vlpxodwlrqv uhsruwhg lq Iljxuh 51 Iru hdfk jlyhq ydoxh ri N
c > wkh lqfxpehqw qgv lw
rswlpdo wr gh hfw suhvvxuh zkhq wkh frpprq ydoxh ri J iru wkh wzr oreelhv lv ehorz wkh
olqh1 Qrwh wkdw iru N
c ? f=D wkh lqfxpehqw zloo qhyhu gh hfw1 Wklv lv wkh fulwlfdo ydoxh
wkdw pdnhv d fkdoohqjhu yldeoh ru qrw dqg lw surylghv d cqxphulfdo surri* ri Sursrvlwlrq
4 wkdw vwdwhv wkdw gh hfwlrq lv qhyhu wkh rswlpdo vwudwhj| iru wkh lqfxpehqw zkhq wkh
fkdoohqjhu lv yldeoh hyhq li kh grhv qrw uhfhlyh dgyrfdf| frqwulexwlrqv1 Wkh lqwxlwlrq
lv vlpsoh1 Zkhq wkh fkdoohqjhu lv yldeoh/ dq| frqwulexwlrq lqfuhdvhv klv xwlolw| dqg wkh
h{shfwhg xwlolw| ri wkh oree| vxssruwlqj klp dqg wkhuhiruh d oree| zrxog dozd|v qg lw
rswlpdo wr rhu klp dq dgyrfdf|1 Dv d frqvhtxhqfh/ wkh lqfxpehqw*v ehvw uhvsrqvh lv
wr fdvk lq dv pxfk dv srvvleoh dqg kh grhv qrw gh hfw1
Wkh lpsruwdqfh ri Iljxuh 5 lv wr vkrz wkdw kdg wkh DG fkdqqho qrw ehhq dydlodeoh/
d fkdoohqjhu zrxog kdyh pdqdjhg wr hqwhu wkh udfh zkhq N
c A f=D wkdqnv wr wkh
dgyrfdf| srvlwlrq1 Lq idfw/ kdg wkh lqfxpehqw qrw gh hfwhg wkh fkdoohqjhu zrxog kdyh
ehhq rhuhg hqrxjk prqh| iru klv dgyrfdf| wr pdnh klp yldeoh1 Lqvwhdg/ wkh h{lvwhqfh
ri d suhvvxuh gh hfwlqj phfkdqlvp doorzv wkh lqfxpehqw wr frqfhdo klv srolf| srvlwlrq
wkhuhiruh ghfuhdvlqj wkh lqfhqwlyhv iru d oree| wr ixqg wkh fkdoohqjhu1
Lw lv zruwk qrwklqj wkh juhdw ghdo ri olqhdulw| suhvhqw lq Iljxuh 5 dqg lq wkh vlpxod0
wlrqv wkdw iroorz1 Wklv pd| vhhp vwudqjh dw uvw jlyhq wkdw wkh prgho lv kljko| qrqolqhdu
dqg d forvhg irup vroxwlrq lv qrw rewdlqdeoh1 Krzhyhu/ frqvlghu wkdw lq hdfk jxuh dq
56lqfuhdvh lq wkh ohyho ri N
c qhhgv wr eh pdwfkhg e| d sursruwlrqdo lqfuhdvh lq F
c lq rughu
iru wkh fkdoohqjhu wr eh yldeoh1 Wkh oree| zloo frqwulexwh dozd|v wkh plqlpxp dprxqw





Wkhq/ sursruwlrqdoo| kljkhu ohyhov ri J duh qhfhvvdu| wr pdnh lw rswl0
pdo iru wkh oree| wr ixqg wkh fkdoohqjhu dqg wklv h{sodlqv wkh xszdug vorslqj fxuyhv1
Wkh olqhdulw| frphv iurp wkh frqvwdqw sursruwlrqdo lqfuhdvh lq F
c qhhghg wr edodqfh
wkh lqfuhdvhg frvw ri hqwu|1 Lq sduwlfxodu/ Sursrvlwlrq 5 vkrzv wkdw wklv sursruwlrqdolw|
dprxqwv wr 2@E  S =
D sdudphwhu  juhdwhu wkdq f=D lpsolhv d uhfrjqlwlrq dv|pphwu| lq idyru ri wkh
lqfxpehqw dqg Iljxuh 6 vkrzv wkdw odujhu ydoxhv ri  hqodujh wkh udqjh ri ydoxhv ri
J iru zklfk wkh lqfxpehqw gh hfwv1 Lq idfw/ odujhu ydoxhv ri  pdnh wkh fkdoohqjhu
qrq yldeoh iru orzhu ohyhov ri wkh frvw ri fdpsdljqlqj1 Wkh hhfw ri odujhu ydoxhv ri 
lv vxevwdqwldo1 Iru h{dpsoh/ wkh pd{lpxp ydoxh ri J iru zklfk gh hfwlrq wdnhv sodfh
zkhq N
c ' f=D lv uhvshfwlyho| wkuhh wlphv dqg vhyhq wlphv dv odujh iru  ' f=SD dqg
 ' f=H wkdq wkh ehqfkpdun fdvh ri  ' f=D= Wklv uhvxow kdv hpslulfdo frqwhqw  zhoo
hvwdeolvkhg lqfxpehqwv duh pruh olnho| wr gh hfw/ doo hovh htxdo1
Wkh lqfxpehqw lv olnho| wr eh pruh h!flhqw dw surylglqj dffhvv ehfdxvh ri klv nqrzo0
hgjh ri wkh srolwlfdo v|vwhp dqg klv h{shulhqfh1 Z h looxvwudwh wklv dv|pphwu| lq Iljxuh
7 e| doorzlqj wkh sdudphwhu d wr eh juhdwhu wkdq  lq KEK
c  ' dK
d
c 1 Dqdorjrxvo| wr
wkh uhfrjqlwlrq dv|pphwu|/ kljkhu pdujlqdo frvw ri dffhvv iru wkh fkdoohqjhu wudqvodwhv
lq d zlghu udqjh ri frvw ri hqwu| wkdw suhyhqwv klp iurp ehfrplqj yldeoh dqg wkhuhiruh
kljkhu ydoxhv ri J iru zklfk wkh lqfxpehqw zloo vwloo qg lw rswlpdo wr gh hfw1
914 Dv|pphwulhv lq Oreelhv* Jdlqv
Wkh fdvh zkhuh rqh oree| kdv d kljkhu J wkdq wkh rwkhu grhv qrw fkdqjh dq| ri wkh uhvxowv
suhvhqwhg deryh1 Wklv frqfoxvlrq ghshqgv rq wkh vhtxhqwldo vhdufk iru frqwulexwlrqv wkdw
wkh fkdoohqjhu iroorzv1 Wkh ghflvlrq wr gh hfw ghshqgv rq krz pxfk wkh oree| vxssruwlqj




Wklv ghshqgv rq wkh dvvxpswlrq ri dq lqqlwh vxsso| ri srwhqwldo fkdoohqjhuv/ zklfk pdnhv lw
lpsrvvleoh iru wkh dfwxdo fkdoohqjhu wr h{wudfw uhqwv iurp wkh frqwulexwlqj oree|1
57zloo dssurdfk wklv oree| uvw iru d frqwulexwlrq1 Wkhuhiruh/ wkh rswlpdo frqwulexwlrq wr
wkh fkdoohqjhu dqg frqvhtxhqwo| wkh ghflvlrq wr gh hfw ghshqg rq wkh kljkhvw ehwzhhq
wkh oreelhv* Jv1
D pruh lqwhuhvwlqj vlwxdwlrq rffxuv zkhq wkh oreelhv dvvljq d kljkhu ydoxh li d uh0
hohfwhg lqfxpehqw vxssruwv wkhlu fdxvh lqvwhdg ri dq hohfwhg fkdoohqjhu1 Wklv vrxqgv
uhdvrqdeoh vlqfh dq lqfxpehqw nqrzv krz wkh srolwlfdo v|vwhp zrunv dqg ehfdxvh ri klv
douhdg| hvwdeolvkhg frqqhfwlrqv dqg uhsxwdwlrq1 Wklv vlwxdwlrq lv jrlqj wr hqodujh wkh
udqjh ri ydoxhv iru zklfk wkh lqfxpehqw gh hfwv wkh suhvvxuh rq wkh DG dxwkrulw|1 Lq
idfw/ jlyhq d suredelolw| ri 
b wkdw dq xqfrpplwwhg lqfxpehqw zloo vxssruw wkh Surwhf0
wlrqlvw srvlwlrq li hohfwhg/ d oree| pd| eh ehwwhu r e| qrw pdnlqj wkh fkdoohqjhu yldeoh
li lq dq| fdvh wkh h{shfwhg ydoxh ri dq hohfwhg fkdoohqjhu lv pxfk orzhu wkdq dq xqfhu0
wdlq vxssruw iurp d pxfk kljkhu ydoxhg lqfxpehqw1 Wkhq/ iru hdfk jlyhq dv|pphwu|
ehwzhhq lqfxpehqw dqg fkdoohqjhu/ wkhuh lv d jds ehwzhhq fkdoohqjhu dqg lqfxpehqw*v
vxssruw wkdw pdnhv gh hfwlrq wkh lqfxpehqw*v ehvw rswlrq zkhuh d frpprq ydoxh ri J
zrxog qrw kdyh pdgh lw1 Wklv lv wkh frqfoxvlrq zh fdq gudz iurp Iljxuh 8 zkhuh wkh 78
e
olqh lv uhsolfdwlqj hduolhu uhvxowv zkhuh wkh ydoxh ri J lv frpprq iru erwk fdqglgdwhv1
Iru N
c ' f=D wkh duhd deryh wkh 78
e olqh dqg wkh grwwhg olqh uhsuhvhqwv frpelqdwlrqv ri
h{shfwhg jdlq iru lqfxpehqw +J
b , dqg fkdoohqjhu +J
c  zkhuh gh hfwlrq lv wkh rswlpdo
vwudwhj|1 Wkh srlqw zkhuh wkh grwwhg olqh ghsduwv iurp wkh 78
e olqh lv wkh ydoxh irxqg lq
Iljxuh 5 iru wkh vdph ohyho ri N
c = Ehorz wkdw ohyho/ wkh lqfxpehqw gh hfwv hyhq zkhq
wkh Jv duh wkh vdph iru wkh fdqglgdwhv1 Krzhyhu/ deryh wkdw srlqw gh hfwlrq grhv qrw
rffxu h{fhsw li J
b lv juhdwhu wkdq J
c ( lq sduwlfxodu/ wkh glhuhqfh ehwzhhq wkhvh wzr
ydoxhv pxvw eh vxfk wkdw J
b lv rq ru deryh wkh grwwhg olqh iru hdfk fruuhvsrqglqj ydoxh
ri J
c = Lq wkh vdph zd|/ wkh olqh zlwk grwv looxvwudwhv wkh fdvh iru N
c ' f=.=
Pruh vlpxodwlrqv frxog eh suhvhqwhg ghwdlolqj wkh hhfw ri rwkhu frpsdudwlyh vwdwlf
h{huflvhv1 Krzhyhu/ txdolwdwlyho| wkh uhvxowv zrxog qrw fkdqjh= iru hdfk jlyhq sdudphwhu
frqjxudwlrq/ wkhuh h{lvwv d fulwlfdo ydoxh ri J wkdw glvwlqjxlvkhv li lw lv rswlpdo ru qrw
iru wkh lqfxpehqw wr gh hfw1 Lq sduwlfxodu/ dv wkh dv|pphwu| ehwzhhq wkh fdqglgdwhv
jhwv odujhu/ wkh ydoxh ri dq hohfwhg srolwlfldq wr d oree| +J, pxvw eh lqfuhdvlqjo| kljkhu
iru wkh lqfxpehqw qrw wr gh hfw1
58: Frqfoxvlrqv
Wkh pdlq frqwulexwlrq ri wklv sdshu lv wr surylgh d srolwlfdo hfrqrp| udwlrqdoh iru
suhvvxuh gh hfwlqj lqvwlwxwlrqv1 Dq lpsruwdqw h{dpsoh lv wkh XV wudgh srolf| pdfklqhu|/
fkdudfwhul}hg e| ghohjdwlrq ri wudgh srolf| wr wkh h{hfxwlyh/ exwwuhvvhg e| vdihw| ydoyh
gh hfwlrq w|slhg e| DG1
Rxu vwru| uhvroyhv dq lpsruwdqw dqrpdo| lq prghuq srolwlfdo hfrqrp|1 Ghohjdwlrq
ri wudgh srolf|/ hvshfldoo| xqghuvwrrg dv suhvvxuh gh hfwlrq/ lv gluhfwo| frqwudu| wr wkh
srolwlfdo hfrqrp| dssurdfk wkdw h{sodlqv wudgh surwhfwlrq dv wkh uhvxow ri d txlg sur
txr ehwzhhq srolwlfldqv dqg oreelhv1 Zlwk csrolf| iru vdoh*/ dq lqfxpehqw srolwlfldq
zrxog olnh pruh srolf| wr vhoo lq rughu wr vhfxuh juhdwhu hohfwrudo vxffhvv1 Lq frqwudvw/
lq rxu prgho dq lqfxpehqw srolwlfldq/ e| gh hfwlqj srolwlfdo suhvvxuh/ fdq frqfhdo klv
wuxh srvlwlrq dqg ghfuhdvh wkh lqfhqwlyh iru oreelhv wr ixqg d fkdoohqjhu wr dgyrfdwh
wkhlu fdxvhv1 Lq vxfk fdvhv/ srwhqwldo fkdoohqjhuv pd| eh dw d glvdgydqwdjh lq dwwudfwlqj
frqwulexwlrqv dqg pd| qrw ehfrph yldeoh1 Wkhlu hhfwlyh hqwu| lv eorfndghg1
Wkh vroxwlrq zh sursrvh iru wkh sx}}oh srvhg e| suhvvxuh gh hfwlrq lv dovr frqvlvwhqw
zlwk wkh hpslulfdo revhuydwlrq wkdw pdq| hohfwrudo udfhv duh xqfrqwhvwhg +l1h1/ rqo|
rqh fdqglgdwh uxqqlqj lq wkh hohfwlrqv,1 D srsxodu h{sodqdwlrq lv wkh vr0fdoohg czdu
fkhvw* dujxphqw e| zklfk d fdqglgdwh +xvxdoo| wkh lqfxpehqw, dffxpxodwhv d orw ri
prqh| lq wkh hduo| vwdjh ri wkh hohfwrudo frpshwlwlrq dqg wklv pdnhv lw lpsrvvleoh iru d
fkdoohqjhu wr udlvh hqrxjk ixqgv1 Lqvwhdg/ lq rxu prgho wklv uhvxow rewdlqv ehfdxvh ri d
vwudwhjlf ghflvlrq ri wkh lqfxpehqw wr udlvh qdqfldo eduulhuv e| holplqdwlqj wkh lqfhqwlyh
iru oreelhv wr jlyh frqwulexwlrqv wr d srwhqwldo fkdoohqjhu1 Wkhvh qdqfldo eduulhuv jr
h{dfwo| lq wkh rssrvlwh gluhfwlrq ri wkh w|slfdo zdu fkhvw dujxphqw vlqfh wkh lqfxpehqw lv
dfwxdoo| dffxpxodwlqj ihzhu frqwulexwlrqv ehfdxvh wkh oree| grhv qrw sd| klp dq|wklqj






Wklv h{sodqdwlrq lv frqvlvwhqw zlwk wkh hpslulfdo uhvxowv lq Dqghuvrq dqg Suxvd +5334e,/ zklfk
gr qrw qg vxssruw iru d vwudwhjlf dffxpxodwlrq hhfw lq wkh vhqvh wkdw hduo| frqwulexwlrqv wr rqh
fdqglgdwh gr qrw fdxvh orzhu odwhu frqwulexwlrqv wr wkh rwkhu fdqglgdwh1 Khqfh/ wkh| frqfoxgh wkdw
glhuhqfhv lq wkh ohyho ri frqwulexwlrqv duh wkh rxwfrph ri lqkhuhqw dv|pphwulhv ehwzhhq lqfxpehqw
dqg fkdoohqjhu1 Rxu prgho h{sodlqv krz dq dv|pphwu| fdq zrun lq wkh gluhfwlrq wr idyru wkh lqfxpehqw
zlwkrxw qhfhvvdulo| lpso|lqj d vwudwhjlf dffxpxodwlrq1
59DG odz lv udwlrqdol}hg dv d frpsohphqw wr wkh ryhudoo ghohjdwlrq uhjlph ri XV wudgh
srolf|1 Lw surylghv d zd| iru olehudo wudgh lqfxpehqwv wr klgh wkhlu srolf| suhihuhqfhv
dqg vwloo qrw glvdssrlqw d Surwhfwlrqlvw oree|1 Lw lv whpswlqj wr vshfxodwh wkdw wkh ulvh
lq wkh xvh ri DG lq wkh hduo| 4<;3*v frlqflghg zlwk wkh ghfolqh ri olehudo lqwhuqdwlrqdolvw
lghrorjlfdo vxssruw iru olehudo wudgh lq wkh Frqjuhvv dqg dprqj rslqlrq holwhv1 Sxuh ghoh0
jdwlrq grhv qrw vhuyh wr lqvxodwh lqfxpehqwv iurp srolwlfdo suhvvxuh zkhq wkh ghohjdwlrq
uhjlph lwvhoi lv lq grxew/ dv zh kdyh dujxhg deryh1 Lq wklv fdvh wkh vdihw| ydoyh surylghg
e| DG odz pd| kdyh vhuyhg wr exwwuhvv wkh ghohjdwlrq uhjlph1 Z h frqfhgh djdlqvw wklv
vshfxodwlrq wkdw orqjvwdqglqj DG odz zdv yluwxdoo| xqxvhg xqwlo wkh hduo| 4<;3*v zkloh
lwv h{sdqvlrq wkhq pd| eh vlpso| gxh wr wkh ehodwhg dqg iruwxlwrxv glvfryhu| ri lwv
xvhixoqhvv e| surwhfwlrqlvwv1 Lq idyru ri wkh vshfxodwlrq/ wkh h{sdqvlrq dqg surwhfwlrq
ri DG odz e| Frqjuhvv vlqfh wkhq kdyh exwwuhvvhg suhvvxuh gh hfwlrq dqg lqfxpehqf|
dgydqwdjh lq dq hud zkhq wudgh srolf| lv krwo| ghedwhg1
Dqrwkhu lpsolfdwlrq ri wkh vwru| lv wkdw DG odz fuhdwhv srolwlfdo dv zhoo dv hfrqrplf
lqh!flhqf|1 Li wkh lqfxpehqw lv xqfrqwhvwhg/ kh zloo qrw vhoo dq| dffhvv vlqfh kh grhv qrw
zruu| derxw yrwhv1 Wkxv e| lqfuhdvlqj wkh olnholkrrg ri rqh kruvh udfhv/ DG odz fuhdwhv
srolwlfdo lqh!flhqf| lq wkh irup ri d odfn ri frppxqlfdwlrq zlwk wkh hohfwhg srolwlfldq1
Pruh vshfxodwlyho|/ sxuh ghohjdwlrq dv suhvvxuh gh hfwlrq pd| eh srolwlfdoo| lqh!flhqw1
E| gh hfwlqj lqwhuhvw jurxsv dzd| iurp xujlqj dgyrfdf|/ iruflqj srolwlfldqv wr uhyhdo
srvlwlrqv dqg irvwhulqj srolwlfdo frpshwlwlrq ri yldeoh fdqglgdwhv/ lw lv srvvleoh wkdw
ydoxdeoh lqirupdwlrq lv vxssuhvvhg dqg zruvh fkrlfhv duh pdgh e| ghprfudwlf surfhvvhv1
Wkh wkhruhwlfdo frqfoxvlrqv zh ghulyhg ohdg wr lqwhuhvwlqj whvwdeoh lpsolfdwlrqv iru
ixwxuh uhvhdufk1 Iru lqvwdqfh/ edvhg rq wkh prgho zh vkrxog revhuyh wkdw yhu| vwurqj
lqfxpehqwv dgyrfdwh ohvv ehfdxvh ri wkhlu idyrudeoh dv|pphwu| zlwk uhvshfw wr wkhlu
fkdoohqjhuv1 Krzhyhu/ wklv lv qrw lqkhuhqwo| wuxh iru hyhu| lqfxpehqw vlqfh wkh uhodwlyh
dv|pphwu| zlwk wkh fkdoohqjhu lv wkh uhohydqw nh| idfwru1 Lq wklv vhqvh/ d vwurqj lqfxp0
ehqw lq devroxwh whupv pd| vwloo eh lq d srvlwlrq wr dgyrfdwh li udflqj zlwk d idyrudeoh
fkdoohqjhu1 Wkh yduldelolw| revhuyhg ryhu pdq| f|fohv ri hohfwlrqv iru wkh XV Frqjuhvv
vkrxog pdnh lw srvvleoh wr lghqwli| wkh ghflvlrq wr dgyrfdwh dv d ixqfwlrq ri wkh dv|pph0
wu| dprqj fdqglgdwhv1 Lq frqwudvw/ zkhq frqvlghulqj rshq vhdwv udfhv zh vkrxog h{shfw
5:wr revhuyh uhodwlyho| pruh dgyrfdf| srvlwlrqv wdnhq vlqfh fdqglgdwhv duh xvxdoo| pruh
vlplodu wkdq zkhq dq lqfxpehqw lv uxqqlqj iru uhhohfwlrq1
Dowkrxjk rxu pdlq frqwulexwlrq lv wr h{sodlq suhvvxuh gh hfwlrq zlwk dq lqwhuhvwlqj
dssolfdwlrq wr XV wudgh srolf| dqg DG odz/ wklv sdshu dovr rhuv d sduwlfxodu fkdudfwhu0
l}dwlrq ri hohfwrudo dpeljxlw|1 Lq idfw/ wkh nh| ihdwxuh ri gh hfwlrq lv wkh delolw| iru wkh
lqfxpehqw wr uhpdlq dpeljxrxv rq klv srolf| suhihuhqfhv1 Frqwudu| wr wkh olwhudwxuh
zkhuh dpeljxlw| sd|v r lq whupv ri yrwhv/ dpeljxlw| hqgrjhqrxvo| dulvhv lq wklv prgho
lq rughu wr ghwhu fkdoohqjhuv wr ehfrph yldeoh fdqglgdwhv1
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c j = +D4,
Wkh vhwwlqj lq Dqghuvrq dqg Suxvd +5334d, lv glhuhqw iurp wkh rqh dssolhg lq wklv
sdshu1 Lq idfw/ wkh| dvvxph wkdw li d fdqglgdwh grhv qrw udlvh hqrxjk uhyhqxh wr fryhu
wkh {hg frvw ri hqwu|/ kh zloo vwloo kdyh wkh h{rjhqrxv ohyho ri hruw h= Lqvwhdg/ zh dvvxph
wkdw lq wklv fdvh kh grhv qrw hqwhu wkh udfh dqg wkh rssrqhqw zlqv zlwk suredelolw| 41
Lq wkhlu prgho/ h{lvwhqfh ri wkh {hg srlqw vroxwlrq ri wkh htxdwlrq lq +D4, iroorzv iurp
wkh revhuydwlrq wkdw jEs>  lv frqwlqxrxv rq wkh xqlw lqwhuydo dqg dv orqj dv dw ohdvw rqh
fdqglgdwh fdpsdljqv dfwlyho|  A jE>  A jEs>  A jEs>  A jEf>  A f> zkhuh s dqg
s duh uhvshfwlyho| wkh suredelolw| ohyhov zkhuh wkh fkdoohqjhu dqg wkh lqfxpehqw gr qrw
dfwlyho| fdpsdljq1 Khqfh/ jEs>  pxvw furvv wkh 78
e olqh vdwlvi|lqj s ' jEs>  vrphzkhuh
lq wkh xqlw lqwhuydo/ khqfh d {hg srlqw h{lvwv1








Krzhyhu/ h{fhsw iru wkh }hur suredelolw| fdvh zkhuh wkh {hg srlqw rffxuv dw
s> rxu prgho kdv d {hg srlqw dv zhoo1 Lw lv jlyhq e| wkh vdph srlqw dv lq Dqghuvrq dqg
Suxvd +5334d, li lw rffxuv iru s ? s dqg htxdo wr  li lw rffxuv lq wkh udqjh iru s A s=
Kdylqj suryhg h{lvwhqfh/ wkhuh lv qr jxdudqwhh wkdw wkh vroxwlrq lv xqltxh1 Djdlq/
Dqghuvrq dqg Suxvd +5334d, ghwhuplqh ryhuvx!flhqw +qrw qhfhvvdu|, frqglwlrqv e| lp0
srvlqj wkdw j
q ?  iru s 5 df> o1 Glhuhqwldwlqj jEs>  lq wkh lqwhuydo s ? s ? s
j
q Es>  ' jE  jED
c n D








r @ 3= Zh gr qrw qhhg wr frqvlghu d
glvfrqwlqxlw| iru s vlqfh zh dvvxph wkdw wkh lqfxpehqw lv dozd|v yldeoh +l1h1/ N
















































































H{dplqlqj wkh h{suhvvlrq iru j
q / xqltxhqhvv fdqqrw jhqhudoo| eh jxdudqwhhg/ vlqfh
D
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z o A =
Wkh hodvwlflwlhv duh deryh  dv wkh frqglwlrq iru srvlwlyh pdujlqdo uhyhqxh iurp frq0
wulexwlrqv/ d qhfhvvdu| frqglwlrq iru srvlwlyh pdujlqdo ehqhw ri frqwulexwlrqv iru wkh
fdqglgdwhv1 H{dplqlqj wkh ghulydwlyhv ri D/ D
z n D




{ A f dqg e
z h
z  N
z A f/ zkloh D
z n D







z ? f1 Zkhq D
z n D
{ lv lqfuhdvlqj lq frqwulexwlrqv iru jlyhq s/ lwv pd{lpxp
ydoxh lv htxdo wr @sE  s> khqfh j
q   iru dq| htxloleulxp ydoxh ri s= Wkhuhiruh d
vx!flhqw frqglwlrq iru xqltxhqhvv lv  ? > e
{ h
{  N
{ A f dqg e
z h
z  N
z A f= Krzhyhu/
 ?  kdv douhdg| ehhq dvvxphg vlqfh lw phdvxuhv pdujlqdo hhfwlyhqhvv wr hruw1 
Surri ri Sursrvlwlrq 4
Iru wkh sursrvlwlrq wr eh suryhg/ zh kdyh wr vkrz wkdw l, d oree| jdlqv iurp vxssruwlqj
wkh fkdoohqjhu zkhq wkh lqfxpehqw grhv qrw dgyrfdwh dq| fdxvh1 Jlyhq wklv/ zh kdyh
wr vkrz wkdw ll, d oree| jdlqv iurp vxssruwlqj wkh lqfxpehqw zkhq wkh rwkhu oree| lv
vxssruwlqj wkh fkdoohqjhu1 Li wklv lv wkh fdvh/ wkh lqfxpehqw lv qrw deoh wr vwrs d oree|
wr ixqg wkh fkdoohqjhu dqg kh ehwwhu froohfw doo wkh prqh| kh fdq1





> lw pxvw eh

2







E  S J  F
c A f +D6,
66zkhuh S lv wkh htxloleulxp suredelolw| zkhq rqo| wkh fkdoohqjhu uhfhlyhv dgyrfdf|







wkhuh h{lvwv d vpdoo hqrxjk F
c vxfk wkdw wkh lqhtxdolw| lq +D6, krogv iru hyhu|
srvvleoh J1 I urp wkh srlqw ri ylhz ri wkh fkdoohqjhu/ kh zloo dffhsw dq| F
c ehfdxvh
dq dgyrfdf| frqwulexwlrq udlvhv wkh h{shfwhg xwlolw| ri wkh fdqglgdwh1
ll, I urp wkh wdeoh lq vhfwlrq 61514 lw pxvw eh





E h S 

2
S J  F
b A f +D7,
zkhuh h S lv wkh htxloleulxp suredelolw| zkhq erwk fdqglgdwhv dgyrfdwh dqg S lv wkh
htxloleulxp suredelolw| ri wkh fdvh dqdo|}hg lq l,1 Qrwh wkdw h S A S dqg wkhuhiruh
E h S 
i
d
S  A f dqg wkhuh h{lvwv d vpdoo hqrxjk F
c vxfk wkdw wkh lqhtxdolw| lq +D7,
krogv iru hyhu| srvvleoh J1 Vlploduo| wr wkh suhylrxv fdvh/ wkh lqfxpehqw lv ehwwhu
r e| dffhswlqj dq| F
b ehfdxvh wklv lqfuhdvhv klv h{shfwhg xwlolw|1 
Surri ri Sursrvlwlrq 5
Sduw l, lv wkh uhvxow rewdlqhg lq Sursrvlwlrq 41
Iru sduw ll, wr eh ydolg/ zh pxvw orrn dw wkh frqglwlrq wkdw pdnhv d oree| qrw wr rhu
dq dgyrfdf| wr wkh fkdoohqjhu zkhq kh lv qrw yldeoh zlwkrxw dgyrfdf| frqwulexwlrqv dqg
wkh lqfxpehqw gh hfwv1 Lw pxvw eh

2







E  S J  F
c ? f= +D8,
Qrwh wkdw glhuhqwo| iurp +D6,/ lq +D8, F
c lv qrw duelwudu| vpdoo exw lv dq lqfuhdvlqj
ixqfwlrq ri N
c > zklfk lv dvvxphg wr eh odujh hqrxjk wr pdnh wkh fkdoohqjhu qrw yldeoh
zlwkrxw dgyrfdf| frqwulexwlrqv1 Wkhuhiruh/ iru qrw wrr odujh ydoxhv ri J wkh lqhtxdolw| lq
+D8, lv vdwlvhg1 Zkhq lw lv qrw vdwlvhg/ d oree| rhulqj dq dgyrfdf| wr wkh fkdoohqjhu






























































































































































































































































































































68 Iljxuh 5= Lqfxpehqw*v ghflvlrq wr ghiohfw
Qrwhv= N
￿
@ 3> rwkhu ydoxhv dv iurp irrwqrwh 4:1
Iljxuh 6= Uhfrjqlwlrq dv|pphwu| lq idyru ri lqfxpehqw
Qrwhv= N
￿


























































































































￿Iljxuh 7= Frvw ri dffhvv dv|pphwu| lq idyru ri lqfxpehqw
Qrwhv= N
￿
@ 3> rwkhu ydoxhv dv iurp irrwqrwh 4:1
Iljxuh 8= Dv|pphwu| lq J +px @ 318,
Qrwhv= N
￿
@ 3> rwkhu ydoxhv dv iurp irrwqrwh 4:1
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